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Chapter 1 
Background and objectives 
1.1 Soil organic matter 
Soil organic matter (SOM) constitutes a basic component of any terrestrial 
ecosystem, SOM being structurally and functionally integrated into 
fundamental ecosystem processes (Christensen, 1996). Therefore, the one 
soil factor controlling productivity of cultivated soils is the quantity and 
distribution of SOM in the profile (Sleutel, 2005). It promotes desirable soil 
physical and chemical properties and serves as a base for a diverse 
population of soil organisms (Scott, 2000). SOM consists of partially decayed 
plant residues that are no longer recognizable as plant material, micro-
organisms and humus components. These humus components consist of 
dark-colored organic materials that contain approximately 50-55% C, 4.5% N 
and 0.5% S with varying amounts of P and metals (Paul and Clark, 1996). 
SOM is a large nutrient reservoir and furthermore functions as a retention 
site for nutrients, e.g. K, Ca, Mg.  
The SOM content is (under steady state conditions) the result of carbon 
input and carbon turnover time. Carbon input in agricultural systems is 
mainly determined by productivity and management of residues and external 
inputs of organic matter. SOM turnover is mainly determined by physical 
conditions (temperature, moisture, aeration), chemical properties (quality of 
organic materials) and biological activity in the soil. Any measure that 
enhances carbon inputs and/or reduces the carbon turnover in soil will lead 
to higher SOM contents. Likewise, reducing the carbon input or stimulating 
the carbon turnover reduces SOM levels (Baritz et al., 2004). The 
maintenance of a high OM status in the topsoil is crucial for sustainable long-
term land use because of the multiple beneficial effects of SOM on soil 
Chapter 1 
 4 
structure and hence on water holding capacity, aeration and permeability 
(von Lützow et al., 2002).  
 
1.2 Trends of SOM in agricultural soils 
It is well documented that soil organic carbon (SOC)1 levels decline when 
land is converted from grassland or forest ecosystem to cropland (Guo and 
Gifford, 2002). This decline is most rapid in the first years following 
conversion and then continues at slower rates until a new steady state is 
reached, as can be seen in Figure 1.1. After 50 to 100 years SOC levels are 
often 50 to 60% lower than the initial levels (Cole et al., 1993). Most existing 
agricultural lands in Europe have been in production for sufficiently long 
periods that they are again approximately in a steady state. During this time, 
agriculture has caused large losses of SOM from cultivated land worldwide 
(Sleutel, 2005). This logically has detrimental effects on soil quality (soil 
structure, soil fertility) and has also contributed to global warming by further 
increasing the atmospheric concentration of CO2 (Lal and Kimble, 1997). In 
the frame of the Kyoto protocol, meant to reduce the emission of 
greenhouse gasses such as CO2, it is important to realize that due to the 
slow rates of carbon turnover, even small increases of SOM will have a large 
sequestration effect given the large proportion of soil and litter pools 
especially in the northern and western European countries (Baritz et al., 
2004). 
 
 
 
 
1
 The terms soil organic matter (SOM) and soil organic carbon (SOC) are inextricable 
and will be used interchangeably throughout this study. The relationship between 
both terms is that for Belgian soils the SOC content has to be multiplied by 
approximately 2 to obtain the SOM content (Van Hove, 1969; Sleutel et al., 2007). 
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Figure 1.1 Long-term effect of the conversion from grassland to arable land and from 
arable land to grassland on the SOC content in the Rothamstedt ley-arable 
experiments (Johnston, 1986) 
 
However, there are indications that total SOC contents of arable land have 
decreased rather than increased in the last years and decades. The reasons 
for this decrease are diverse and may e.g. include the changed composition 
of the applied organic fertilizers (slurry is increasingly applied over manure), 
increased erosion, more intensive tillage and the use of inorganic fertilizers 
and hence the reduction of the applied organic materials and fertilizers 
(Baritz et al., 2004). In the industrialized world agricultural management has 
focused for many years only on the maximization of output by increasing the 
input of e.g. fodder, agrochemicals and inorganic fertilizer (Brussaard et al., 
2003). This trend towards a greater intensification and higher productivity of 
agriculture in the European Union during the last decades, was 
accompanied by a significant increase in the use of inorganic fertilizers.  
Due to the increasing concerns with the public and the authorities about the 
protection of nature, the environment and human health and welfare, the 
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priorities are changing to a more sustainable agriculture (Brussaard et al., 
2003).  
Within certain climatic conditions and a given soil type, the factors controlling 
SOM concentrations are determined largely by land use and management. 
The SOM content of agricultural soils can therefore be increased through the 
adoption of alternative management systems that increase the amount of 
organic inputs and/or slow down the SOM turnover (Pulleman et al., 2005). 
However, one must be aware that the SOC sequestered in arable soils is 
non-permanent, since by changing the agricultural management, the soil 
carbon is lost more rapidly than it accumulates (Smith, 2004), as can be 
seen in Figure 1.1. Hence, for soil carbon sequestration to occur, the land-
management change must be permanent. 
 
1.3 Cropland management options 
The management options influencing the SOC content and hence possibly 
resulting in carbon sequestration in cropland include e.g. extensification, 
conversion of arable land to grassland or woodland, reduced and no tillage, 
maximizing the soil cover period and the more efficient use of organic 
amendments and crop residues (Smith et al., 2000; Baritz et al., 2004; 
Freibauer et al., 2004). 
Soil tillage can promote soil carbon loss by several mechanisms: (1) it 
disrupts soil aggregates which may result in increased susceptibility to 
decomposition of physically protected OM inside these aggregates; (2) it 
may stimulate microbial activity and hence mineralization through enhanced 
aeration; and (3) it mixes fresh residues in the soil, where conditions for 
decomposition are often more favourable than on the soil surface (Bruce et 
al., 1999). However, the tillage frequency in conventional agriculture can be 
reduced, which is called conservation tillage, characterized by a large 
amount of crop residues remaining on the soil surface after harvesting. The 
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mechanisms by which additional SOM can be stored in the soil by 
conservation tillage include the reduction of soil loss by reduced soil erosion, 
the improvement of soil structure and aggregate stability and the decrease in 
mineralization (Baritz et al., 2004). 
During winter, soil is often left fallow after harvest. However, maximizing the 
soil cover period by sowing catch crops (yellow mustard, Italian ray grass,…) 
may result in several positive indirect effects. This includes reduced soil 
erosion, reduced nutrient losses over winter, but most of all increased supply 
of organic material resulting in increased SOM content and improved soil 
structure and water infiltration rate (Ninane et al., 1995; Kuo et al., 1997; 
Baritz et al., 2004). 
However, the most obvious way of increasing the SOM content is by 
changing the way of fertilizing cropland, i.e. replacing (part of) the amount of 
mineral fertilizer by organic amendments and fertilizers.  
Soils receiving organic amendments were shown to have higher capacities 
for binding organic C than conventional mineral fertilized soils (Drinkwater et 
al., 1998). However, this does not mean that the use of mineral fertilizer will 
in all cases result in a decrease of the SOM content. The application of 
mineral fertilizer will usually increase the yield and hence also the litter input 
(below and above ground, if the latter is left on the field) and consequently 
SOM (Buyanovsky and Wagner, 1998). In contrast, there are also studies 
which have not found such increases in SOM, especially in soils with a low 
initial SOC content (Shevtsova et al., 2003; Thomsen et al., 2003). 
N’Dayegamiye et al. (1997) even stated that long term mineral fertilizer 
application alone actually causes a risk of reducing SOM.  
In general, the application of exogenous organic amendments to soils is a 
very logical way to increase or maintain SOC stocks. However, the long-term 
effects on SOC status will strongly depend on the composition or quality of 
the applied organic material (Baritz et al., 2004). When it is used as a source 
of OM, the organic material should have a high content of stable organic 
carbon. When used as fertilizer, the organic material should have a high 
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nutrient content and mineralization properties should be optimal for nutrient 
availability. Organic manures can substitute to a large extent the mineral N 
fertilizer, but should be properly managed with regard to nutrient 
management, timing and mode of application. In order to protect the water 
quality, environmental legislation already sets strict limits on the amount of 
nutrients and organic materials that may be applied to minimize the risk of 
nutrient leaching and run off, e.g. the Flemish Manure Decree. 
 
1.4 Effects of exogenous organic matter on soil properties 
and functioning 
As stated earlier, applying OM to the soil is crucial for the maintenance or 
increase of the SOC content, and thus for many important soil functions and 
properties: soil physical properties, mineralization and nutrient availability, 
soil biodiversity and functioning of the soil food web, disease suppression… 
These effects have been examined and described in detail in several 
studies. In the following a general overview is given of some important soil 
properties and how they can be affected by the application of exogenous 
organic matter. 
 
1.4.1 Soil physical properties and soil habitats 
One of the most important soil properties affecting soil structure and 
aggregation is organic matter. Soil organic matter is, as stated earlier, 
essential to productive soils (Scott, 2000). One of the general principles put 
forward by Brady and Weil (1996) in order to manage the soil organic matter 
is that a continuous supply of organic materials, through organic 
amendments, cover crops, crop residues must be added to the soil to 
maintain an appropriate level of soil organic matter.  
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There is a multitude of organic materials applied to agricultural soils. The 
incorporation of organic amendments and hence the increase in organic 
matter content influence total porosity and pore size distribution (Kay and 
Angers, 2002). The total porosity has generally been found to increase and 
bulk density to decrease with increasing C content (Churchman and Tate, 
1986; Andersen et al., 1990; N’Dayegamiye and Angers, 1990; Lal et al., 
1994; Schjonning et al., 1994). Increasing the organic C content also 
diminishes the impact of disturbances on the total porosity (Angers and 
Simard, 1986). Due to increased C content of the pore wall and the 
consequent enhanced stability, these pores are much more stable (Kay and 
Angers, 2002).  
An increase in porosity is expected to result in a decrease in soil strength or 
penetration resistance. Kay et al. (1997) examined the influence of 
increasing organic C contents on the penetration resistance of soils with a 
range of clay contents that were used for corn production under two different 
tillage treatments. One of their conclusions was that an increase in the 
organic C content caused a decrease in soil penetration resistance.  
The application of organic materials, such as compost, farmyard manure, 
sewage sludge… is also beneficial to soil aggregation. Increasing the total 
organic C content normally results in an increase in the size and the stability 
of aggregates, since organic matter contributes to both the formation and the 
stabilization of soil aggregates (Kay and Angers, 2002). Several studies 
have found a close relationship between the SOM content and the level of 
aggregation and many others have shown that incorporation of organic 
amendments and crop residues usually results in the formation of water-
stable aggregates (Tisdall and Oades, 1982; Lynch and Bragg, 1985). 
However, organic amendments vary widely in composition and 
decomposability and hence in their efficiency to promote the aggregation, 
since the aggregating efficiency has been related to the decomposability of 
the material (Monnier, 1965; Tisdall et al., 1978). 
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One must be aware that these soil physical properties can’t be unlinked from 
other soil properties. An increase in aggregation can result in an increase in 
SOC content, which in turn will ameliorate soil aggregate stability. 
Furthermore, aggregation determines the total porosity of soil. A higher total 
porosity and hence a change in the pore size distribution will also change 
the habitat of the soil biota and thus probably the soil biological composition, 
while the soil biota are main factors influencing soil physical properties. 
 
1.4.2 Soil biodiversity and the soil food web 
1.4.2.1 Soil biodiversity 
The soil is a very complex and multi-faceted environment. It is one of the 
most diverse habitats on earth and contains one of the most diverse 
assemblages of living organisms. Many thousands of species of micro-
organisms and animals can be found in soils, ranging in size from the almost 
invisible microbiota (such as bacteria, fungi and protozoa) over the 
mesofauna (nematodes, mites, springtails) to the more conspicuous macro- 
and megafauna (earthworms, millipedes, moles, rats). Soil biodiversity refers 
to all these organisms living in the soil (Andrén et al., 2004). Linkages and 
interactions between the various components of the soil biota are 
represented as a decomposer-based food web with primary decomposers, 
herbivores, consumers of micro-organisms, saprophagous mesofauna and 
macrofauna and predators in Figure 1.2.  
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Figure 1.2 Simplified functional food web for detritus-based systems in soil 
(Pankhurst, 1997) 
 
The biological activity in soils is largely concentrated in the topsoil (0-30 cm). 
Soil micro-organisms are responsible for a large part of this biological activity 
(60-80%) which is associated with processes regulating the decomposition 
of organic residues and nutrient cycling. An agricultural soil can contain a 
living biomass in the order of 3 ton fresh weight ha-1, equivalent on average 
of 4 cows or 35 farmers living under the soil surface (Andrén et al., 2004). 
The huge numbers of soil organisms are matched by extreme levels of 
biodiversity: just one gram of soil can contain many thousand species of 
bacteria as well as hundreds to tens of other species, from fungi, nematodes 
and mites to earthworms (Ritz et al., 2003). 
 
1.4.2.2 Role of soil organisms 
The soil biota are implicated in most of the key functions soil provides in 
terms of ecosystem services, by driving many fundamental nutrient cycling 
processes, soil structural dynamics, degradation of pollutants and regulation 
of plant communities.  
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One of the most essential soil functions controlled by all soil biota is the 
recycling of OM. Decomposition of C compounds such as cellulose, 
hemicellulose, polysaccharides, hydrocarbons and lignin provide energy to 
heterotrophic micro-organisms responsible for other nutrient transformations 
(Roper and Ophel-Keller, 1997). Soil OM is a direct product of the combined 
biological activity of plants, soil biota and abiotic factors, and is responsible 
for crucial aspects of soil function as is summarized in Figure 1.3. 
 
 
Figure 1.3 Interrelationship between soil organic matter (SOM) and biota (Elliot, 
1997) 
 
The other principle and crucial soil function mainly controlled by soil biota is 
the nutrient supply for plants. The more complex the structure of the soil food 
web, the better nutrients will circulate from the soil biota to plants and back 
(Coleman et al., 1992). Without the soil food web, we can state that plants in 
a natural, not artificially fertilized soil, would not get the necessary nutrients 
for growth. 
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Soil micro-organisms perform a wide range of functions: they degrade toxic 
residues, form symbiotic associations with plant roots (e.g. arbuscular 
mycorrhizae), act as antagonists to pathogens (e.g. pre-emptive 
colonisation, the production of antibiotics and the direct predation of 
pathogens) and contribute to soil structure and aggregation through the 
production of mucus like substances by bacteria and the fungal hyphae 
(Pankhurst, 1997; Sparling, 1997). However, the most important function of 
micro-organisms is the decomposition of soil OM. Since micro-organisms 
have a low C/N ratio, 3/1 to 5/1 for bacteria and 10/1 to 15/1 for fungi (Hunt 
et al, 1987; Schröter et al, 2003), large amounts of N are immobilized in the 
microbial biomass, preventing N losses through e.g. leaching. The 
mesofauna, e.g. protozoa and nematodes, predate on these micro-
organisms, the so called “grazing”. The relatively low efficiency of this 
grazing and the low C/N ratio of the micro-organisms, result in the release of 
N (and other nutrients) into plant-available or mineral forms. Other important 
functions of mesofauna are the spreading of bacteria and fungi in the soil, 
the formation of the soil structure through the production of faeces and the 
regulation of the activities and populations of micro-organisms through 
grazing. The roles of the macrofauna include the direct processing of organic 
matter, predation and the creation of soil structure. The most important 
representative of the macrofauna in temperate regions, is the earthworm. 
Earthworms can improve the incorporation of organic matter below the soil 
surface and improve water infiltration, aeration and root penetration through 
their burrowing activity. They also increase the numbers of water stable soil 
aggregates since they ingest both organic matter and mineral soil particles 
which are excreted as stable organo-mineral aggregates (Edwards and 
Bohlen, 1996; Pankhurst, 1997). 
 
1.4.2.3 Soil food web and exogenous organic matter 
The effect of the application of exogenous OM on components of the soil 
food web has been investigated a number of times in recent literature. Since 
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OM is the base of the soil food web (Figure 1.2), adding extra OM in general 
positively affects the soil biota and their functions listed above. The 
application of organic amendments have been found to result in a higher 
activity of micro-organisms and micro-arthropods (Pfotzer and Schüler, 
1997), a higher amount of protozoa and bacterivorous nematodes (Forge et 
al., 2003), mainly responsible for the N release from the micro-organisms 
through grazing, an increase in the amount of springtails and earthworms 
(Leroy et al., 2007a), a higher root colonization by mycorrhizae and an 
increase in the microbial and earthworm biomass, which was strongly 
correlated with a higher aggregate stability (Mäder et al., 2002). 
An other important effect of organic amendments on the soil biota is their 
impact on soil pathogens. Composts in particular are attributed a high 
disease suppressiveness. Several important agricultural pathogens have 
been reported to be effectively suppressed by the use of composts, such as 
Phytophtora cinnamoni, Rhizoctonia solani, Fusarium oxysporum, Pythium 
aphanidermatum, Meloidgyne incognita and many others (De Brito Alvarez 
et al., 1995; Epstein, 1997; Stratton et al., 1998; Hoitink et al., 2001). Other 
amendments such as farmyard manure and slurry have also been shown to 
have  a negative impact on soil pathogens, e.g. plant-parasitic nematodes 
(Akhtar and Malik, 2000). Pathogen suppression by organic amendments 
can be attributed to antagonists present in the amendments through four 
mechanisms (Hoitink et al., 1993): (1) competition for food, (2) production of  
antibiotics, (3) predation and (4) activation of disease suppressive genes. 
However, much extra research is necessary to fully understand the 
mechanisms by which pathogens are negatively affected by amendments 
and what the ideal composition of these amendments should be. Indeed, in 
the literature examples can be found where the application of amendments 
did not result in disease suppression or even increased the population of 
pathogens (Epstein, 1997). 
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1.4.3 C and N dynamics and nutrient availability 
The decomposition of organic matter and the transformation of C and N in 
soil are complex microbial processes. They depend on the type and 
(physical and chemical) properties of the soil, on the climatic conditions, 
especially temperature, and on the type of the applied organic residues 
(Robert et al., 2004). In aerobic soil conditions, the mineralization reaction 
takes place by enzymatic reactions, producing energy for the micro-
organisms and CO2 which is released. During this reaction, proteins give 
amino acids and NH4+ or NO3- and sulphates. 
The (chemical) composition of the organic matter, often (simplified) 
represented by the C/N ratio, is very important, especially the content of 
lignin, saccharides and proteins, since this determines the resistance to 
microbial decomposition. Raw manure, slurries, sewage sludge are due to 
their lower C/N ratio and hence high nutrient (N) content, mainly considered 
as nutrients supplier. In contrast, stable organic amendments like compost 
will rather build up soil organic matter and improve soil characteristics due to 
their high content of stable organic matter. Furthermore, it is important to 
realize that the decomposability and hence the nutrient availability of these 
organic amendments will in turn influence the composition of the soil biota, 
responsible for the breakdown or mineralization of the applied OM. 
From this, it can be concluded that the application of different kinds or 
qualities of organic amendments will certainly affect the soil physical and 
biological properties and the rate of the C and N mineralization, all 
interrelated with each other. 
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1.5 Objectives of this study 
Since the effect of organic amendments on the SOC content strongly 
depend on the quality of the amendments (Baritz et al., 2004), it can be 
stated that the quality of the organic matter has a significant influence on the 
described soil properties and functions, and therefore, not all kinds of 
organic amendments are of equal value. However, there is very few 
fundamental knowledge about the specific effects of different kinds i.e. 
qualities of OM on soil properties and functions. This knowledge is 
necessary to achieve progress in many aspects of applied soil science, e.g. 
C sequestration, prevention of erosion, break down of xenobiotic 
compounds, sustainable nutrient management. 
In most studies investigating the effect of organic amendments, one or a few 
isolated soil properties are studied and are not linked with other soil 
properties. E.g. the effect of the application of organic amendments on the 
earthworm population is studied, without linking these results with a possible 
change in soil physical properties (e.g. Whalen et al., 1998). Or the effects 
on C and/or N mineralization are examined, while no research is done on the 
soil biota mainly responsible for this mineralization (bacteria, fungi, 
nematodes, protozoa...) (e.g. Tejada et al., 2002). From the previous, it is 
clear that there are many important feedback mechanisms between these 
parameters. Denying these interrelationships limits the value of research 
studying the parameters separately. Regarding the soil biota, it is however 
impossible to investigate all members of the soil food web, due to the 
complicated and often expensive methods of sampling and identification of 
some representatives. Therefore, it is important to choose a few, but crucial 
representatives of the soil food web as indicator organisms, which are 
inextricably bound up with the other investigated parameters. 
Furthermore, in lots of studies the effect of only a few organic amendments 
compared to a control treatment (no or mineral fertilization) is investigated, 
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while there exists a whole range of organic amendments to maintain or 
increase the SOM content.  
Therefore, the present study focuses on the effects of the application of 
different kinds or qualities of organic amendments, used or usable in Belgian 
agriculture, on the SOC content and the soil physical, chemical and 
biological properties, influenced by this possibly changed SOC content, 
without losing track of the interrelationships. The basic research question of 
this thesis was:  
 
What is the influence of the quality of exogenous organic matter on the 
C and N turnover in the soil? 
 
From this general question, the following research questions were put 
forward: 
 
Set up of the experiment (research questions raised in Chapter 2) 
Q1: How are fertilizer studies organized in practice in scientific literature? 
Q2: How does the field experiment for this study have to be designed in 
order to be able to compare the effects of the different treatments properly 
and hence answer the basic research question? 
 
Evolution of yields and soil chemical properties (research questions 
raised in Chapter 3) 
Q3: Can the correctness of the experimental set up be checked based on 
the presence or absence of yield differences? 
Q4: What are the effects of the several treatments on the SOC content and 
other soil chemical properties? 
 
Soil biota (research questions raised in Chapter 4, 5 and 6) 
Q5: How does the microbial population (microbial biomass, bacteria/fungi 
ratio…) change due to the application of several organic amendments? 
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Q6: What is the influence of the applied organic amendments on the 
nematode population and is there a link with the possible changes in the 
microbial population? 
Q7: How is the earthworm population (earthworm number and biomass) 
influenced by the several treatments? 
 
Soil physical properties (research question raised in Chapter 7) 
Q8: How much do the soil physical properties and the division of the organic 
C and N over different SOM fractions change during the short experimental 
period due to the different organic amendments? 
 
C and N mineralization (research questions raised in Chapter 8) 
Q9: How are the C and N mineralization influenced by the different 
treatments? 
 
General discussion (research questions raised in Chapter 9) 
Q10: Can any changes in the investigated soil chemical, biological and/or 
physical properties be linked with each other? 
Q11: What can we conclude concerning the quality of the applied organic 
amendments and which changes in the described soil properties can we 
expect in the future? 
 
1.6 Thesis outline 
The objective of this thesis was to increase our understanding of the effect of 
different qualities of organic amendments on soil functions and properties. 
This chapter (Chapter 1) formulates the background and objectives of the 
research. 
The data of this thesis are based on results from an experimental field, 
especially established for this research. Chapter 2 describes the results of a 
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thorough literature review on fertilizer studies, and how these results were 
used to design the field experiment for this study. To avoid repetition in all 
following chapters, the layout and the general materials and methods of the 
experiment (fertilization, crops, tillage, crop protection and climatic data) are 
also summarized in Chapter 2. 
In Chapter 3 yield data and results on the amount of residual mineral N 
throughout the experimental period are presented in order to check the 
correctness of the calculated amounts of fertilizers and amendments. 
Furthermore, the changes in the SOC content and soil chemical properties 
are discussed in Chapter 3, since these can be linked with the results of all 
following chapters.  
Chapter 4, 5 and 6 focus on three groups of the soil food web. Chapter 4 
investigates what changes in the total microbial biomass or shifts in the 
microbial community did occur during the experimental period. Chapter 5 
evaluates the effect of the different treatments on the nematode abundance 
and population, while Chapter 6 studies this effect on the earthworm 
abundance and population.  
Chapter 7 summarizes the effects on the soil physical properties and on the 
division of organic C and N over the different SOM fractions. Chapter 8 
reveals how the application of the organic amendments influenced the C and 
N mineralization.  
In the general discussion in Chapter 9 we tried to link the results of all the 
previous chapters with each other and to find out how the several 
investigated parameters were interrelated. 
Finally, the general summary of this thesis is given in the last chapter, in 
English and Dutch. 
 
  
  
Chapter 2 
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Illustration: 
Manual application of the organic amendments (cattle slurry) on 02/05/07 
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Chapter 2 
Description of the experimental field setup 
2.1 Introduction 
This chapter describes the layout of the experimental field, designed and 
established for this study, and summarizes some general information on the 
field work (fertilization, tillage, crop protection).  
Before setting up the experiment, the scientific literature was screened to 
create an overview of some intriguing questions:  
- which fertilizers were used (organic and/or mineral) and which treatment 
was used as a control treatment? 
- was the same amount of C applied with all fertilizers? 
- was the same amount of nutrients applied with all the fertilizers and were 
the total and/or plant available amount of nutrients (e.g. N) taken into 
account? 
- were the research objectives similar to these of the present study?  
Based on the results of this literature search, summarized in the next 
section, the experiment was designed in order to answer the research 
questions listed in Chapter 1.  
 
2.2 Fertilizer studies in literature 
2.2.1 Literature review 
A range of organic amendments were applied in many studies: farmyard 
manure, cattle slurry, composted manure, all types of composts, crop 
residues, sewage sludge, bone meal, peat, etc. The control treatments were 
usually mineral fertilization and/or no fertilization. These studies were 
conducted to examine various effects of the amendments and fertilizers, 
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comparable to the objectives of this research: influence on soil physical 
properties (Schjonning et al., 1994; Gerzabek et al., 1995; Randall et al., 
1995; Munkholm et al., 2002; Celik et al., 2004), on total carbon and nitrogen 
content and soil carbon and nitrogen fractions (Christensen, 1988; 
Leinweber and Reuter, 1992; Wander and Traina, 1996; Gerzabek et al., 
1997; Dersch and Böhm, 2001; Gerzabek et al., 2001; Grant et al., 2001; 
Wu et al., 2004), on soil fertility and crop quality (Granstedt and Kjellenberg, 
1997; Robbins et al., 1997; Delschen, 1999; Makinde and Agboola, 2002), 
on nitrogen mineralization (Tejada et al., 2002; Benitez et al., 2003). 
However, the approach with respect to the fertilization varies greatly among 
the consulted studies. In general, three approaches could be distinguished.  
In the majority of the studies, there was no similarity in C and/or nutrient 
content between the different amendments applied. The fertilizer approach is 
often not emphasized in these articles.  
In a small range of studies, the researchers tried to apply equal amounts of 
nutrients through all amendments and fertilizers. This encompassed 
sometimes N, P and K, but often only N. However, mostly the total amount of 
N was equalized among the treatments, while no distinction was made 
between the total amount of N and the N available for crop growth during the 
growing season. Although the amount of plant available N was not equal for 
all treatments, in some of these studies, surprisingly, crop yields were 
determined and compared among the treatments. 
In only a few studies similar amounts of organic C were applied trough all 
organic amendments, and in contrast to the previous studies a well-founded 
explanation was given for this approach. This was e.g. the case in the 
articles describing results of the Ultuna long-term soil organic matter 
experiment in Uppsala, Sweden. Gerzabek et al. (1997, 2001) state that 
“due to the layout of the experiment, using equal amounts of organic C for 
each treatment (2000 kg C ha-1 year-1), the organic C accumulation in the 
soil is a reflection of the quality of the organic input”. Leinweber and Reuter 
(1991) describe results of the Rostock long-term pot experiment in which 
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equal amounts of dry organic matter were applied with the various organic 
amendments. They also state that “the differences in organic C and total N 
concentrations found (…), very likely originated largely from the quality of the 
organic matter supplied with the different organic fertilizers”. It seems from 
literature that researchers apply equal amounts of organic C when they want 
to investigate and compare the quality of the applied organic amendments. 
 
2.2.2 Consequences for our field experiment  
In this research we wanted to investigate the effects of different types of 
organic amendments on several soil functions and properties, and thus 
compare the quality of these amendments. The term “quality” refers to the 
composition of the applied organic amendments.  
Therefore, based on the described studies, we decided to apply equal 
amounts of organic C on all organically amended plots. However, due to a 
different total N content and different humification and mineralization rate of 
the organic amendments, applying equal amounts of C would imply the 
application of different amounts of plant available N. This would lead to 
differences in crop growth, and hence to differences in above and below 
ground biomass and in the production of root exudates by plants. Since the 
crop biomass and exudates strongly influence several soil functions and 
properties (Bardgett, 2005), e.g. the microbial biomass and microbial-feeding 
fauna, the soil organic C content and all soil properties linked with it, we 
thought it was essential to equalize the crop growth on all fertilized plots. 
Therefore, to correct for differences in the plant available N content of the 
different organic amendments, it was decided to apply extra mineral N on 
organically amended plots where needed to attempt to support equal crop 
growth. However, applying equal amounts of organic C through all organic 
amendments will raise another problem. The application of a large amount of 
e.g. cattle slurry, would imply the application of an excessive amount of 
mineral N, possibly leading to a (too) high and undesirable N loss in autumn 
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and winter through leaching. We therefore combined the slurry application 
with the application of crop residues with a higher C/N ratio. Applying part of 
the organic C as crop residues, and hence applying a much smaller amount 
of N, can solve the described problem. 
The application of organic amendments, based on equal amounts of applied 
organic C, also encompasses the application of different amounts of 
nutrients other than N, of which K and P are the most important for crop 
growth. It was however impossible to apply on all plots similar amounts of 
these nutrients through the amendments, while also hold to the application 
of equal amounts of organic C and plant available N, due to their diverse 
compositions. Therefore, it was decided to apply an extra amount of K and P 
via mineral fertilizers in order to provide all plots with the same minimal 
amount of K and P, if the K and P content of the used organic amendments 
was too low to cover the need of the crop.  
All the fertilization details of the experiment (used amendments, composition, 
extra mineral N,…) are summarized in paragraph 2.3.  
 
2.3 Experimental field 
2.3.1 Experimental design 
The experimental field, located in Melle (experimental site of Ghent 
University, Belgium, 50° 59’ N, 03° 49’ E, 11 m abo ve sea level) is a sandy 
loam soil with the following granulometric composition: 11.7% 0-2 µm, 52.0% 
2-50 µm and 36.3% > 50 µm. The initial soil chemical properties of the 
experimental field, which was, prior to our experiment, cropped with 
monoculture maize for eight years with mineral fertilization only, are 
summarized in Table 2.1. The field experiment was a randomized complete 
block design with four replicates comparing eight treatments (Figure 2.1): 
farmyard manure [FYM], cattle slurry + crop residues [CSL], vegetable, fruit 
and garden waste compost [VFG], two types of farm compost [CMC1 and 
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CMC2], mineral fertilizer [MIN N], and two treatments without fertilization of 
which one with a crop [NF+] and one without [NF-], to assess the impact of 
the presence or absence of a crop. All plots were 8 x 6 m2; these dimensions 
were based on the available space for the experimental field and the 
decision not to take samples in the borders (1 m) of the plots to avoid border 
effects. The remaining central plot area was judged large enough to allow 
sound, frequent and at random sampling.  
 
Table 2.1 Initial soil chemical properties of the experimental field (0-20 cm) sampled 
on 26/10/04 
 
pH-KCl C (%) Total N (%) P Na K Ca Mg 
   (mg 100 g-1 soil) 
5.90 1.01 0.086 20.8 1.60 19.7 122 32.7 
 
 
 
Figure 2.1 Layout of the field experiment 
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The plots were located next to each other within blocks, thus with no 
distance between the differently treated plots, except for the central path 
(Figure 2.1). Furthermore, there were no above or below ground barriers 
between plots, since this would have interfered with tillage, fertilization and 
crop protection operations. 
Farmyard manure and cattle slurry were incorporated in the experiment 
since they are frequently used fertilizers, certainly cattle slurry, in Belgian 
agriculture. VFG compost is made from vegetable, fruit and garden waste, 
which have been collected selectively from 1992 onwards and composted 
(Anonymous, 2005). These wastes are composted on large heaps up to 3 m 
high and 10 to 12 m wide, during two to six months. During the composting 
process, temperature and moisture content are a few times checked and 
adjusted (by turning over the heap or adding water) if necessary. Currently, 
the main share of this compost is used for non-professional applications. 
However, agriculture and horticulture can be considered potentially important 
purchasers of VFG compost in the future. The main reason why this compost 
is not widely used there yet, is a lack of knowledge of its agronomic value 
(Leroy et al., 2007a). Anno 2004, very few studies existed on the effects of 
VFG compost application to soil and therefore this compost was included in 
the experiment. 
Farm compost is even less familiar to farmers and scientists. As the name 
suggests, farm compost is made of ingredients which can be found on the 
farm: wood chips and bark, manure, straw, mowed grass, soil. In contrast to 
the VFG compost, the diversity of the ingredients is stressed with this 
composting process. A very specific ingredient, however, is the microbial 
starter, consisting of 55 microbial species, which are believed to ameliorate 
and fasten the composting process. Due to the use of this microbial starter, 
which is added at the beginning of the composting process, farm compost is 
often called CMC compost, in which CMC stands for “controlled microbial 
composting”. The ingredients are composted on heaps, which are not higher 
than 1.5 m and not wider than 3 m, during six to eight weeks. During the 
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composting process temperature, CO2 and moisture content are checked 
frequently (in the first weeks almost daily) and action is undertaken by the 
farmer if necessary (turning over the heap if temperature or CO2 content is 
too high, i.e. higher than 16% of the compost air, or adding water if moisture 
content is too low). Details of the VFG and CMC composting process have 
been described in detail by Leroy (2004). Till now, very few scientific 
research has been done on the use of this farm or CMC compost and the 
several agricultural advantages, correctly or incorrectly ascribed to this 
compost, e.g. soil conditioner, disease suppression, fertilizer. Owing to this 
ignorance and the growing interest of (organic) farmers and scientists in this 
compost, we incorporated two types of farm compost in the experiment. 
These two types differed in the composition of the starting materials. CMC1 
was mostly composed of C rich, woody material resulting in a final C/N ratio 
of ca. 20-40. CMC2 was particularly made from green, N rich materials and 
had a final C/N ratio of 10-20. Based on the difference in starting materials 
and C/N ratio, CMC1 is generally believed to be more fungi dominant, while 
CMC2 is presumed to be more bacteria dominant. Since we wanted to 
examine if these differences in ingredients had any effect on the investigated 
parameters (e.g. microbiota, nematodes), we included these two different 
types of farm compost.  
 
2.3.2 Fertilization and tillage 
Organic amendments and mineral fertilizer were applied on four occasions. 
The first application took place on April 21, 2005 and fodder beet (Beta 
vulgaris L.) was sown the day after. The second fertilization was on October 
6, 2005 followed by the sowing of winter wheat (Triticum aestivum L.) the 
next day. One month after the harvest of the winter wheat, the organic 
amendments and fertilizers were applied for the third time (September 7, 
2006) and a catch crop (Phacelia, Phacelia tanacetifolia Benth.) was sown 
the same day. On May 2, 2007 the fourth application took place and red 
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cabbage (Brassica oleraceae L. var. rubra) was manually planted on May 
22, 2007. An overview of these fertilization dates and the growing season of 
the several crops during the experimental period is given in Figure 2.2. 
 
 
Figure 2.2 Schematic overview of the four fertilization dates (dotted lines) and the 
growing season of the crops (marked in grey) during the experimental period 
 
Before the application of the amendments and after each harvest, the soil 
was loosened with a cultivator and afterwards rotary harrowed. At each 
application, the organic amendments were incorporated to a depth of 20 cm 
using a rotary tiller. This tillage operation was performed on all plots, 
including those receiving no exogenous organic matter. One additional 
tillage operation was conducted in autumn 2006, when Phacelia seeds, 
superficially sown, were incorporated using a rotary harrow. After each 
harvest, all crop residues were systematically removed from the 
experimental field, before any tillage took place.  
As stated earlier, the amounts of organic amendments were calculated in 
order to supply all plots, receiving organic amendments, with an equal 
amount of organic C. This amount of organic C was 4000 kg C ha-1 in 
application one and two, 1500 kg C ha-1 in application three and 2000 kg C 
ha-1 in application four. The first two doses were rather higher, but not 
exceptional in agriculture, and were chosen in order to speed up the 
appearance of possible effects of the organic amendments, due to the short 
experimental period. The extra mineral N (ammonium nitrate 27%) was 
applied together with the organic amendments for the fodder beet, the catch 
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crop and the red cabbage, while for the winter wheat it was split-applied on 
23/03/06 and 26/04/06. Calculation of the amount of extra mineral N to be 
added took account of the mineral N (NO3- and NH4+) present in the soil at 
the time of fertilization and the (potential) mineralization rates of the soil and 
of the organic amendments, both determined by laboratory incubation (De 
Neve and Hofman, 1996). On the CSL plots part of the organic C was 
applied as crop residues (except before the catch crop and the red 
cabbage), since applying 4000 kg C ha-1 as slurry, would imply the 
application of an excessive amount of mineral N. The first time (April 21) the 
crop residues used was straw, while the second time (October 6) it was 
fodder beet leaves. 
The exact amounts and the C and N content of the applied organic 
amendments and crop residues, and the extra amount of applied mineral N 
are summarized in Table 2.2, while Table 2.3 gives the average chemical 
composition of the organic amendments. 
At each fertilization, except before the Phacelia, on the minerally fertilized 
plots and on the plots receiving less than 300 kg ha-1 K2O and 100 kg ha-1 
P2O5 out of the organic amendments, an extra amount of K2O (muriate of 
potash 40%) and P2O5 (triple superphosphate 45%) was applied to achieve 
equal minimum levels of plant available K2O (300 kg ha-1) and P2O5 (100 kg 
ha-1). 
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Table 2.2 The amounts of organic amendments and their C and N content, and the 
amount of extra mineral N applied on 21/04/05, 06/10/05, 07/09/06 and 02/05/07  
 
Treatment 
(fertilizer) 
C content 
(g kg-1 
fresh matter) 
N content 
(g kg-1 
fresh matter) 
Applied 
amount 
(kg ha-1) 
Extra mineral N 
to be added  
(kg ha-1) 
21/04/05     4000 kg C ha-1 
   
FYM 62.2 4.7 64329 105 
VFG 179.4 15.2 22303 114 
CMC1 71.4 1.7 56007 165 
CMC2 59.7 2.8 67058 165 
CSL + crop residues 
(straw) 
26.71 
378.0 
3.91 
5.5 
773822 
4704 
- 
 
MIN N - - - 165 
06/10/05     4000 kg C ha-1   23/03/06 26/04/06 
FYM 106.8 6.8 37453 81 97 
VFG 175.7 14.5 22770 88 98 
CMC1 71.8 3.1 55718 91 99 
CMC2 77.9 7.2 51348 89 97 
CSL + crop residues 
(beet leaves) 
20.41 
49.1 
2.81 
3.4 
746982 
53636 
74 94 
MIN N - - - 91 98 
07/09/06     1500 kg C ha-1    
FYM 104.2 6.7 14398 66 
VFG 183.2 15.5 8188 67 
CMC1 77.6 4.1 19330 86 
CMC2 63.1 3.4 23757 86 
CSL 26.41 3.81 567542 - 
MIN N - - - 86 
02/05/07     2000 kg C ha-1    
FYM 104.6 6.1 19125 106 
VFG 139.6 9.1 14329 103 
CMC1 192.0 3.6 10417 170 
CMC2 91.0 6.0 21986 162 
CSL 28.061 3.21 712872 - 
MIN N - - - 162 
1
 g l-1 
2
 l ha-1 
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Table 2.3 Average P, Na, K, Ca and Mg content of the applied organic amendments 
(g kg-1 fresh matter) 
 
Treatment P Na K Ca Mg 
(fertilizer) (g kg-1 fresh matter) 
FYM 1.84±0.43 0.77±0.24 11.88±4.89 2.63±0.86 1.33±0.29 
VFG 3.25±0.78 1.84±0.80 8.97±1.73 10.94±1.65 3.85±1.02 
CMC1 0.98±0.35 0.21±0.09 2.59±0.98 4.34±3.25 2.06±0.98 
CMC2 1.48±0.57 0.37±0.24 4.80±3.41 3.76±2.09 2.40±0.87 
CSL 0.52±0.091 0.22±0.061 3.74±0.951 0.47±0.161 0.46±0.111 
1
 g l-1 
 
Based on our fertilizer approach (equal amount of C, equal amount of plant 
available N during the growing season and equal minimum levels of K and 
P), the question can raise whether the combination of organic amendments 
and mineral N is conventional (e.g. for winter wheat no organic amendments 
are usually applied) and whether the possible effects can be strictly 
attributed to the applied organic amendments. Although no study could be 
found with exactly the same fertilizer approach as this, we assumed that this 
approach deals in the best way with the general difficulties of a fertilizer trial, 
e.g. differences in plant growth and differences in applied amounts of C. 
Furthermore, it enables an objective comparison of the different organic 
amendments.  
A possible exception can be made for the plots amended with cattle slurry, 
since a considerable amount of C was applied as crop residues. However, 
based on the data in Table 2.2, it can be calculated that only ca. 38% of the 
total applied amount of organic C (4400 kg ha-1 vs. 11500 kg ha-1 in total) 
during the experimental period was applied as crop residues. Moreover, 
these crop residues were only applied at the first two applications, since we 
wanted to start the experiment with two high doses of organic amendments 
(4000 kg ha-1). In the last two applications, all organic C was applied as 
cattle slurry and this will also be the case in the future. Hence, for the results 
of the first years of the experiment the combined application possibly has to 
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be taken into account for some investigated parameters, but this combined 
effect will disappear in the future and become a solely slurry effect. 
However, one must be aware that the ideal approach for fertilizer trials does 
not exist.  
 
2.3.3 Climate and crop protection 
Table 2.4 summarizes the available meteorological data of the experimental 
period (2005-2007) at Melle. Besides the on average slightly higher monthly 
air temperature of this period compared to the long term average over the 
last 30 years, some exceptional months or periods can be distinguished. In 
2005, a high rainfall was recorded in July, after a rather dry June. For both 
months, the temperature was clearly higher than the average. In 2006, the 
very dry month January and wet May are exceptional, as was the summer of 
2006 with several heat waves (data not shown): a very dry and hot July, was 
followed by an extremely wet August with an average temperature, which 
was again succeeded by a warm and dry September. In 2007, April was 
unique with not one drop of rain and rather high temperatures for the time of 
the year. This month was followed by three months of high precipitation.  
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Table 2.4 Total precipitation (mm) and average monthly air temperature (°C) at Melle 
(determined at the automatic weather staion in Melle, by the Royal Meteorological 
Institute of Belgium, KMI) 
 
 
Month Total 
 1 2 3 4 5 6 7 8 9 10 11 12  
Precipitation (mm)            
2005 36.7 63.4 24.0 68.2 59.3 39.2 118.6 98.4 43.8 40.5 82.1 50.6 724.8 
2006 16.2 96.6 70.3 52.4 112.6 45.7 21.6 292.7 19.2 106.3 79.4 107.6 1020.6 
2007 78.6 108.4 55.6 0 108.2 102.8 177.7 84.7 84.3 63.0 - - - 
              Norm1 51.0 42.0 46.0 50.0 59.0 65.0 72.0 74.0 72.0 72.0 64.0 59.0  
              
Average air temperature (°C)          
2005 5.2 2.8 6.8 9.7 12.2 18.2 18.2 16.3 16.0 14.1 6.8 3.9  
2006 1.9 2.8 5.1 9.1 14.2 16.3 21.8 16.9 18.0 13.8 9.6 5.8  
2007 7.4 6.4 8.2 12.8 14.3 17.5 17.3 16.9 14.1 10.2 - -  
              Norm1 2.4 3.1 5.2 8.4 12.1 15.1 16.8 16.7 14.4 10.3 6.2 3.2  
1 Norm = average over the last 30 years 
 
This experiment was not intended as a research on organic agriculture. 
Therefore, we applied pesticides, although we studied the soil flora and 
fauna. Although minimal doses were used and only if this was necessary, we 
realized that the use of these pesticides will certainly have (probably 
negatively) influenced the abundance and diversity of the soil flora and 
fauna. However, all plots, with or without fertilization or crop, were treated in 
the same way. Hence, possibly detected differences among treatments are 
unlikely to be directly attributed to the use of pesticides. Moreover, we 
wanted to aim for a research as closely as possible based on conventional 
agriculture, in which pesticides are also used. In addition to the herbicides, 
weeds were sometimes removed manually on all plots. On the NF- plots 
(without a crop), this weeding was repeated more often, since weeds were 
more abundant due to the absence of a crop. In Table 2.5 the used 
pesticides are summarized per crop and application date.  
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Table 2.5 Applied pesticides per crop and their active substance(s) (source: 
www.fytoweb.be) 
 
Crop Application 
date 
Commercial name 
and amount 
Active substance(s) Pesticide 
Fodder beet 24/05/05 3 kg ha-1 Goltix 70% metamitron herbicide 
  0.6 l ha-1 Vegelux 832 g l-1 liquid paraffin  herbicide 
 2/06/05 3 kg ha-1 Goltix 70% metamitron herbicide 
  0.6 l ha-1 Vegelux 832 g l-1 liquid paraffin herbicide 
  1 l ha-1 Eloge 108 g l-1 haloxfop-r-
methyl 
herbicide 
     Winter wheat 7/04/06 3 l ha-1 Azur 20 g l-1 diflufenican 
100 g l-1 ioxynil 
400 g l-1 isoproturon 
herbicide 
 3/05/06 1 l ha-1 Horizon 250g l-1 tebuconazool fungicide 
     Phacelia 16/10/06 1 l ha-1 Eloge 108 g l-1 haloxfop-r-
methyl 
herbicide 
     Red cabbage 22/05/07 Dursban, 100 ml per 
plant (0.15% solution) 
480 g l-1 chloorpyrifos insecticide 
 30/05/07 4 l ha-1 Ramrod 480 g l-1 propachloor herbicide 
 10/06/07 1.65 kg ha-1 Lentagran 45% pyridaat herbicide 
 18/06, 27/06 
and 12/07/07 
1.5 l ha-1 Okapi 5 g l-1 lambda-
cyhalothrin 
100g l-1 pirimicarb 
insecticide 
 
2.3.4 Overview of the field work during the experimental period 
Figure 2.3 gives an overview of the experimental period. In this summary, 
the sampling dates, mentioned in the following chapters concerning the soil 
chemical, biological and physical properties (Chapters 3 to 8), are also 
included. Each page covers one of the three experimental years. Above the 
timeline, all field work described in this chapter (fertilization, crop, sowing or 
planting, harvest, tillage, crop protection) is presented. Below, all sampling 
dates of the next six chapters are summarized. 
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Figure 2.3a Schematic overview of the experimental period (2005) 
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Figure 2.3b Schematic overview of the experimental period (2006) 
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Figure 2.3c Schematic overview of the experimental period (2007) 
  
  
Chapter 3 
Influence of exogenous OM on yield, residual 
mineral N and soil chemical properties 
 
 
 
 
  
 
 
Illustration: 
Soil sampling for the determination of the residual mineral N and removal of 
the fooder beet tops and leaves from the experimental field on 05/10/05, 
immediately after the harvest 
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Chapter 3 
Influence of exogenous OM on yield, residual 
mineral N and soil chemical properties 
3.1 Introduction 
In this study the effect of a range of fertilizer treatments on different soil 
properties and functions were investigated and compared. As described in 
Chapter 2, the same amount of organic C was applied on all organically 
amended plots during the experimental period. Moreover, we aimed for 
equal crop growth by applying extra mineral N to achieve equal levels of 
plant available N in all treatments and by applying a minimal amount of P 
and K, except on the unfertilized plots (NF).  
Although the used organic amendments may contribute to the build-up of the 
organic matter content in soil, they also contain large amounts of nutrients, 
e.g. N, which might put a constraint on the amounts that can be applied on 
agricultural soils in view of the legislation. E.g. in Flanders, the NO3--N 
content of the 0-90 cm soil layer of agricultural soils may not exceed the 
value of 90 kg NO3--N ha-1 between October 1 and November 15 (Flemish 
Manure Decree) to prevent excessive leaching. From an environmental point 
of view and since we aimed for a research as closely as possible based on 
conventional agriculture, it was hence important to investigate whether the 
applied amounts of amendments and fertilizers resulted in the presence of 
excessive amounts of residual mineral N in the soil, possibly causing N 
leaching to the ground water and thus eutrophication.  
Due to the application of 11500 kg C ha-1 through organic amendments with 
a different composition (see Chapter 2, Tables 2.1 and 2.2) during a period 
of two and a half year, we assumed that the chemical properties of the soil 
layer (0-20 cm) in which the organic amendments were mixed, would have 
Chapter 3 
 44 
changed. Moreover, these soil chemical properties (e.g. C content, pH-KCl) 
will certainly affect other soil properties and functions, e.g. the soil biota. 
In order to check whether the calculated amounts of fertilizers were 
equivalent with respect to crop performance, we measured the yield of each 
crop in the rotation. Furthermore, we analysed on a regular basis the amount 
of residual N in the 0-90 cm soil layer during the whole experimental period. 
Finally, at the end of the experimental period, we determined the soil 
chemical properties.  
 
3.2 Materials and methods 
3.2.1 Harvest 
The fodder beet was manually harvested on 4/10/05. On each plot, the 
central 2 m x 4 m (corresponding with 16.7% of the total plot area) were 
harvested, by pulling the beets out of the soil. The tops were cut off, and 
beets and tops with leaves were separately weighed. Ten randomly chosen 
beets and the adjoining tops and leaves were kept apart for measuring dry 
weight. These 10 beets were washed and afterwards weighed again to 
determine the tare and hence the net beet yield. The same 10 beets were 
divided in eight parts and one part of each beet was chopped into small 
pieces of approximately 1.5 cm x 1.5 cm x 1.5 cm. These pieces were dried 
at 75°C till constant dry weight to determine the d ry matter content. Tops 
and leaves were also chopped into small pieces and dried at 75°C till 
constant dry weight.  
The yield of the winter wheat could not be determined, since the crop was 
lodged to a considerable extent at the time of harvest (Figure 3.1). This was 
also true for the Phacelia, which, as a catch crop, is in general not supposed 
to be harvested.  
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Figure 3.1 Lodging of the winter wheat in July 2006 
 
The red cabbage was manually harvested on 2/10/07. On each plot, the 
central 4 by 8 rows (corresponding with 9.6 m2 or 20% of the total plot area) 
were harvested. The cabbage stems were first cut through and then the 
head was separated from the leaves. Heads and leaves were separately 
weighed. Five randomly chosen cabbages and the adjoining leaves were 
kept apart for determination of the dry matter content. As for the fodder beet, 
parts of the cabbages and leaves were chopped in small pieces and dried at 
75°C in order to determine the dry matter content. 
 
3.2.2 Residual mineral N 
Soil samples for the determination of the mineral N concentration in soil were 
taken on a regular basis (every 2-3 months) during the experimental period. 
Composite soil samples of five cores per plot were taken to a depth of 90 cm 
in 3 layers: 0-30 cm, 30-60 cm and 60-90 cm. For the first layer a 3 cm 
diameter auger was used, while for the latter two a 1.8 cm diameter auger 
was used. The soil samples were stored at -18°C unt il further analysis. 
Before analysis, the soil samples were thoroughly mixed in order to 
homogenize the samples and small stones and roots were removed. Soil 
samples were extracted with 1N KCl (extraction ratio 1:2) and the extracts 
were analysed for NO3- and NH4+ with a continuous flow auto-analyser 
(Chemlab, System 4, Skalar, The Netherlands).  
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3.2.3 Soil chemical properties 
Soil chemical properties of the upper layer of the experimental field were 
assessed at the start (26/10/04) and at the end of the experimental period 
(15/10/07). Composite soil samples of five cores per plot were taken to a 
depth of 20 cm, using a 1.8 cm diameter auger. These samples were 
thoroughly mixed and air dried. Prior to analysis, the soil samples were 
passed through a 2 mm sieve. 
The pH was measured potentiometrically in a 1:2.5 soil:KCl extract. In soils 
where the pH-KCl is lower than 6.5, the amount of organic C is equal to the 
amount of total C as no free carbonates are normally present. In these soil 
samples, total C, and hence organic C, and total N were measured by dry 
combustion at 850°C using an elemental analyser (Va rio MAX CNS, 
Elementar). K, Na, Ca, Mg and available P were assessed by extraction of 
the soil with ammoniumlactate-acetic acid (extraction ratio 1:20) in dark 
polyethylene bottles, shaken for 4 hours and the suspension was filtered in 
dark polyethylene bottles that were stored cool (4°C) until analysis (Egnér et 
al., 1960). The P concentration was measured colorimetrically by the Mo 
blue method (Scheel, 1936) at 700 nm with a photometer (Universal 
Photometer, Vitatron). The concentration of K and Na was measured with a 
flame photometer (Elex 6361, Eppendorf) in an air-propane flame at 768 nm 
and 589 nm respectively, while for the Ca concentration an air-acetylene 
flame was used at 623 nm. The concentration of Mg was determined by 
atomic absorption spectrometry (SpectrAA Atomic Absorption Spectrometer, 
Varian) at 285 nm. 
 
3.2.4 Statistical analysis 
Data were subjected to analyses of variance (ANOVA) tests using S-Plus 
software and significant differences between means were determined by 
Tukey’s test. 
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3.3 Results and discussion 
3.3.1 Crop yield 
Table 3.1 summarizes the dry matter yield and dry matter content of the 
fodder beet on all plots (except NF-). These data are comparable to what is 
expected for fodder beets in conventional agriculture: 19 ton DM ha-1 and 
16% DM content (Anonymous, 2001).  
 
Table 3.1 Dry matter yield (ton ha-1), dry matter content (%) and standard deviations 
of the fodder beet and fodder beet leaves harvested on 4/10/05 
 
 FYM VFG CMC1 CMC2 CSL MIN N NF+ 
Beet        
DM yield (ton ha-1) 16.47 
±1.42ab1 
16.00 
±0.67ab 
16.78 
±1.62a 
17.71 
±0.51a 
13.25 
±2.27bc 
18.41 
±1.60a 
11.30 
±1.44c 
DM content (%) 18.12 
± 1.07a 
17.29 
±0.82a 
18.11 
±2.51a 
18.43 
±1.54a 
17.80 
±1.17a 
18.59 
±0.90a 
18.73 
±0.85a 
        Leaves        
DM yield (ton ha-1) 6.88 
±0.33ab 
6.81 
±0.83ab 
7.31 
±0.76a 
7.46 
±1.08a 
5.40 
±0.55bc 
7.10 
±0.51ab 
4.87 
±0.94 c 
DM content (%) 9.40 
±0.13a 
9.80 
±0.71a 
9.59 
±0.30a 
9.76 
±0.44a 
10.13 
±0.54a 
9.44 
±0.47a 
10.02 
±0.36a 
1
 Different letters indicate a significant difference according to Tukey (p<0.05) 
 
As expected, the DM yield on the NF+ plots was significantly lower 
compared to the six other treatments. From the start of the growing season, 
the plants grew slower on these plots and were smaller.  
No significant differences (p<0.05) in the DM yield of the beets or leaves 
could be recorded among the other treatments, except for the CSL plots. 
The yield on these plots was significantly lower (p<0.05) then on the other 
fertilized plots, and even not significantly different from the unfertilized NF+ 
plots. However, this probably did not result from the (calculation of the) 
fertilization as such, but from the soil conditions at the time of fertilization. 
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April 2005 had a rather high precipitation (see Chapter 2, Table 2.4). 
Moreover, by applying cattle slurry, a large amount of extra water was added 
on the plots, equivalent to ca. 7.3 l m-1 for the application on 21/04/05. At the 
time of fertilization, the soil conditions allowed tillage on the experimental 
field, but the moisture content was probably still a little too high to combine 
cattle slurry application and tillage. During this tillage, immediately following 
the fertilization (rotary tiller), the wet surface soil layer was compacted in the 
tracks of the tractor. As a consequence, the emergence of the seedlings on 
the CSL plots was hampered and during the whole growing season the 
development of these plants legged behind, resulting in the considerably 
lower yield. The bad growth in some strips of the CSL plots can be clearly 
seen in Figure 3.2. 
 
 
Figure 3.2 The bad and irregular growth of the fodder beet on the CSL plots in July 
2005 
 
No significant differences (p<0.05) in the DM content of the fodder beet or 
leaves were recorded. However, on the NF+ plots, the DM content of beets 
and leaves tended to be slightly higher than on the other, fertilized plots. 
Although the yield of the winter wheat and Phacelia were not determined, no 
differences in crop development or growth could be visually observed during 
the growing season among the fertilized plots. 
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The yield data of the red cabbage are presented in Table 3.2. As for the 
fodder beet, the DM yield of the cabbages on the NF+ plots was significantly 
lower (p<0.05). The DM yield of the leaves on these plots was also lower, 
but not significantly (p<0.05), then on the other plots. In contrast to the 
fodder beet, no significant differences (p<0.05) in DM yield could be 
observed among the fertilized treatments. These similar values for the 
cabbage and leave DM yield suggests that the calculated amounts of 
amendments and fertilizers can be considered as equivalent with respect to 
crop yield. 
In accordance to the data of the fodder beet, the DM content of the 
cabbages and the leaves on the NF+ plots was higher compared to the other 
treatments, but for the red cabbage significant differences were observed 
(p<0.05). This can be explained by the lack of nutrients on these plots. It is 
known that when nutrient availability is limited, plants will invest less in cell 
elongation and cell growth (resulting in smaller plants), while the total 
amount of cells remains similar to fertilized plants. The result is a higher DM 
content of these plants, which can be seen in the yield data of the fodder 
beet and certainly in those of the red cabbage.  
 
Table 3.2  Dry matter yield (ton ha-1), dry matter content (%) and standard deviations 
of the red cabbage and red cabbage leaves harvested on 2/10/07 
 
 FYM VFG CMC1 CMC2 CSL MIN N NF+ 
Cabbage        
DM yield (ton ha-1) 7.48 
±0.48a1 
7.52 
±0.12a 
7.14 
±0.74a 
7.43 
±0.59a 
7.45 
±0.89a 
7.07 
±0.30a 
2.91 
±0.59b 
DM content (%) 9.62 
±0.25ab 
9.77 
±0.13ab  
9.86 
±0.29ab 
9.49 
±0.26a 
9.77 
±0.28ab 
9.98 
±0.08ab 
10.11 
±0.13b 
        Leaves        
DM yield (ton ha-1) 6.69 
±0.34a 
6.75 
±0.37a 
6.24 
±0.64a 
6.73 
±0.14a 
7.01 
±0.78a 
6.74 
±1.05a 
5.79 
±1.17a 
DM content (%) 13.01 
±0.61a 
12.83 
±0.55a 
12.90 
±0.56a 
12.99 
±0.39a 
13.11 
±0.50a 
13.03 
±1.01a 
15.67 
±0.87b 
1
 Different letters indicate a significant difference according to Tukey (p<0.05) 
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3.3.2 Residual mineral N 
Figure 3.3 presents the evolution of the residual mineral N during the 
experimental period. Possibly due to the former use of the field on which the 
experiment was established (monoculture maize for eight years, only 
minerally fertilized), the mineral N content of the 0-90 cm layer, sampled 
before the start of the experiment (24/03/05), was rather high (101 kg N     
ha-1). From the autumn of 2005 onwards, a typical trend in the mineral N 
content can be seen, with low values during winter and an increase in the 
amount of mineral or plant available N during spring and summer, due to 
fertilizer application and increased mineralization of soil OM. 
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Figure 3.3 Evolution of the residual mineral N (NO3--N and NH4+-N) during the 
experimental period (arrows indicate period between October 1 and November 15, 
see text) 
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On many sampling occasions, especially at the start of the experimental 
period, the highest mineral N residue was found in the NF- plots. This was 
not surprising, since due to the mineralization of the available soil OM, N will 
become available and accumulates in the soil in periods where there is no or 
little leaching. 
In none of the experimental years the amount of mineral N did exceed the 
value of 90 kg NO3--N ha-1 in the 0-90 cm soil layer during the period 
October 1 - November 15. Moreover, in Figure 3.3, the total residual mineral 
N is presented, thus including NO3--N and NH4+-N, indicating that the 
residual NO3--N content is even lower than what can be seen in Figure 3.3. 
Exceeding this critical value, which is not allowed by the Flemish Manure 
Decree between October 1 and November 15, can result in excessive N 
leaching to the ground water. To prevent excessive leaching, the Manure 
Decree also foresees in a maximum amount of total N that can be applied 
yearly. For the crops, grown in this study, this amount is 275 kg N ha-1 yr-1 
(out of animal manure, mineral fertilizers and other fertilizers). As can be 
calculated from Table 2.2, this allowed amount was clearly exceeded in the 
first year (2005) of the experimental period, due to two applications of high 
amounts of organic matter (4000 kg C ha-1). In 2006, this amount was also 
exceeded, since besides the application of 1500 kg C ha-1 before the 
Phacelia, which as a catch crop in conventional agricultural is not fertilized, 
the mineral fertilization of the winter wheat also occurred in 2006. Despite 
these high N inputs, this did not result in excessive amounts of residual 
mineral N in the 0-90 cm soil layer. 
In late spring 2007 (21/06/07), the residual mineral N content was very high 
(between 230 and 260 kg N ha-1 on the fertilized plots). However, this peak, 
already partially visible in April 2007, can probably be attributed to the 
(absence of a) crop and the weather conditions. April 2007 was, as 
described in Chapter 2 (Table 2.4), an exceptional warm and dry month. Due 
to these high temperatures (also in March, May and June 2007, the average 
temperature was considerably higher then the 30 years average), the 
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mineralization from soil organic matter will have been very intense and 
probably started earlier compared to other years. Furthermore, on 2/05/07 
the last application of organic amendments and fertilizers took place. Since 
the red cabbage was only planted on 22/05/07, none of the mineralized or 
applied plant available N was taken up by plants before this planting date. 
Moreover, after this planting date, the cabbage plants possibly took up only 
a small amount of mineral N during the first weeks of the growing season. All 
this resulted in the accumulation of very high amounts of mineral N, 
measured on 21/06/07. At harvest, this large peak totally disappeared due to 
the uptake of N by the cabbage.  
 
3.3.3 Soil chemical properties 
Table 3.3 summarizes the soil chemical properties of the 0-20 cm soil layer 
of the experimental plots at the end of the experimental period. To facilitate 
comparison, the initial soil chemical properties, already listed in Table 2.1, 
are again presented.  
The soil organic C content had increased in all plots receiving organic 
amendments and was significantly higher than that in the unamended plots 
after the two and a half year experimental period. These results agree with 
previous studies of similar or longer duration (3–6 years) comparing effects 
of fresh and composted organic matter treatments with that of mineral 
fertilizer controls on soil organic C contents (e.g. Canali et al., 2004; Senesi 
and Plaza, 2007).  
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Table 3.3 Soil chemical properties and standard deviations of the experimental field 
(0-20 cm) before the start of the experiment (26/10/04) and at the end (15/10/07)  
 
 pH- Corg Total  P Na K Ca Mg 
 
KCl (%) N (%) (mg 100 g-1 soil) 
26/10/04     
 5.90 1.01 0.086 20.8 1.60 19.7 122.4 32.7 
15/10/07         
FYM 6.10 
±0.10ab1 
1.16 
±0.07a 
0.103 
±0.004ab 
28.6 
±3.9a 
2.22 
±0.45a 
24.3 
±5.6a 
146.2 
±8.4abc 
36.7 
±1.5a 
VFG 6.22 
±0.07b 
1.19 
±0.03a 
0.109 
±0.005b 
26.0 
±2.5a 
2.16 
±0.57a 
18.5 
±1.8a 
158.6 
±14.6bc 
34.7 
±1.3a 
CMC1 5.98 
±0.05abc 
1.11 
±0.05a 
0.095 
±0.007a 
23.2 
±1.8a 
1.89 
±0.64a 
19.5 
±10.3a 
141.4 
±9.3abc 
35.0 
±1.9a 
CMC2 6.04 
±0.10ab 
1.13 
±0.03a 
0.103 
±0.002ab 
25.4 
±3.1a 
2.04 
±0.64a 
20.2 
±5.5a 
150.1 
±12.5c 
35.8 
±1.9a 
CSL 6.08 
±0.06ab 
1.09 
±0.06ac 
0.095 
±0.002a 
25.0 
±2.0a 
2.14 
±0.39a 
24.6 
±2.1a 
127.1 
±5.6a 
36.0 
±1.2a 
MIN N 5.82 
±0.18c 
0.96 
±0.04b 
0.083 
±0.004c 
25.0 
±2.5a 
1.79 
±0.45a 
18.9 
±8.5a 
127.7 
±6.0a 
35.0 
±0.7a 
NF+ 5.86 
±0.17ac 
0.98 
±0.05bc 
0.085 
±0.004c 
24.6 
±2.2a 
1.67 
±0.24a 
11.6 
±2.3a 
131.4 
±8.0ac 
35.1 
±3.0a 
NF- 5.97 
±0.05abc 
0.98 
±0.04bc 
0.084 
±0.003c 
24.7 
±0.2a 
1.50 
±0.18a 
16.1 
±2.4a 
132.8 
±3.5ac 
35.8 
±0.4a 
1
 Different letters indicate a significant difference per parameter according to Tukey (p<0.05) 
 
All organically amended plots had a similar organic C content, except for the 
CSL plots where a slightly lower value was recorded. This was probably due 
to the composition or quality of this organic amendment. Cattle slurry, as a 
fresh product, is believed to be composed of mostly labile organic C in 
contrast to the other organic materials. These latter amendments contain 
more stable organic C due to the incorporation of straw in farmyard manure 
or the composting process above ground during several months for the 
composts. All amended plots had a significantly higher total N content than 
the unamended plots, but significant differences (p<0.05) could also be 
observed between the CMC1 and the CSL plots on the one hand and the 
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VFG plots with the highest total N content on the other. Both the organic C 
and the total N content were similar on the unamended plots (MIN N, NF+ 
and NF-). 
The other soil chemical properties showed small but insignificant differences 
or trends among the treatments, which can be directly linked with the specific 
treatment: the application of an organic amendment and its composition (see 
Table 2.3, Chapter 2) and the presence or absence of a crop, which uses 
the available nutrients. Only for the pH-KCl and the Ca content significant 
differences among treatments could be observed (p<0.05). 
 
3.4 Conclusions 
From the similar yield on all fertilized plots, we can conclude that the applied 
amounts of nutrients through the amendments and fertilizers were correctly 
calculated to aim for equal crop growth. Therefore, we can assume that the 
influence of crop performance on differences in the investigated soil 
parameters, e.g. through differences in root growth or root exudation, was 
very limited in this study.  
The applied amounts of total N, through the organic amendments were very 
high and exceeded the legally allowed amount of total N during the first two 
years of the experimental period. Nevertheless, this application did not result 
in excessive amounts of residual mineral N in the 0-90 cm soil layer in any of 
the experimental years.  
Finally, we observed at the end of the experimental period that some of the 
soil chemical properties had changed due to the different treatments. The 
most important change was the increase in C content in the plots receiving 
organic amendments. 
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Chapter 4 
Influence of the quality of exogenous OM on the 
phospholipid fatty acid (PLFA) composition of the 
soil microbiota 
4.1 Introduction 
Soil management, e.g. fertilization, can significantly impact soil physical, 
biochemical and biological properties (Peacock et al., 2001), and monitoring 
these effects is important for estimating the influence of farming practices 
and soil management on soil quality (Böhme et al., 2005).  
Organic and inorganic fertilizer amendments are used primarily to increase 
the nutrient availability to plants. Generally, microbial biomass increases by 
increasing SOC content (Dhillion, 1997; Hu et al., 1999; Peacock et al., 
2001). The application of amendments can thus affect microbial biomass, 
but can also cause shifts in the soil microbial community structure (Zelles et 
al., 1992). Changes in microbial activity and composition can in turn 
influence plant growth, e.g. by increased nutrient turnover or disease 
suppression (Marschner et al., 2003). Although the effects of organic and 
inorganic fertilization on physicochemical properties of soil have been well 
characterized, less is known about the short term influence on soil microbial 
biomass and community structure. Moreover, the nature of this influence will 
strongly depend on the quantity as well as on the quality of the applied OM. 
Since the microbial community plays a critical role in regulating key soil 
processes such as decomposition of (applied) OM and nutrient cycling, it is 
very important to understand the factors that regulate its size and structure 
(Zeller et al., 2001).  
Phospholipid fatty acids (PLFAs) are essential membrane components of all 
living cells and make up a relatively constant proportion of the biomass of 
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organisms. Due to their rapid degradation after cell death, PLFAs are reliable 
measures of the viable cell biomass (White et al., 1979; Zelles, 1999). 
Furthermore, their patterns are successfully used to provide insight into the 
microbial community structure, by comparison of the relative abundance of 
certain PLFAs, being characteristic and hence useful markers for the 
detection of specific groups of micro-organisms (Vestal and White, 1989; 
Tunlid and White, 1991; White 1995; Zelles, 1999; Kozdroj and van Elsas, 
2001).  
The aim of this study was to assess the effect of eight different fertilizer 
regimes, five of which were organic amendments used in Belgian agriculture, 
on the composition of the microbial community, by analyzing soil PLFA 
profiles. In contrast to other studies (Peacock et al., 2001; Marschner et al., 
2003; Böhme et al., 2005) where samples were taken only once per year, we 
sampled the soil up to eight times during the first two and a half year of the 
experiment, so as to take seasonal effects into consideration. In contrast to 
the mentioned studies, as well as total microbial biomass, we also 
determined the microbial community structure of the applied organic 
amendments. Furthermore, we examined the effects of these five organic 
amendments, compared to minerally fertilized and unfertilized plots on the 
soil microbial biomass C. 
 
4.2 Materials and methods 
4.2.1 Sampling of soil and amendments 
During the experimental period soil samples were taken three times a year in 
2005 and 2006 and two times in 2007 (see Figure 2.3). On each plot 15 
cores were taken to a depth of 10 cm, using an 1.8 cm diameter auger, and 
bulked. Immediately after the soil sampling, the bulk samples were divided 
into two sub-samples. One sub-sample was stored in the freezer (-18°C) 
until it could be freeze-dried. Once lyophilized, the samples were ground and 
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stored again in the freezer till extraction for PLFA analysis. The other sub-
sample was used for microbial biomass C determination. Table 4.1 gives an 
overview of the several sampling dates and which analysis was conducted 
on the respective samples. Microbial biomass C was not determined for the 
samples taken in 2005.  
 
Table 4.1 Overview of the sampling dates and the conducted analyses 
 
Year Sampling date Microbial C PLFA 
Soil    
 24/05 - √ 
2005 24/08 - √ 
 23/11 - √ 
 25/04 √ √ 
2006 23/08 √ √ 
 29/11 √ √ 
05/05 √ √ 
2007 
25/09 √ √ 
    Amendments    
2006 07/09 - √ 
2007 02/05 - √ 
 
The PLFA profiles of the microbial community present in samples of the five 
organic amendments, applied in autumn 2006 and spring 2007 were also 
determined in three replicates. Composite samples of the amendments were 
randomly taken by hand shortly before application and stored in the freezer 
after freeze-drying and grinding until analysis. 
 
4.2.2 Preparation of PLFAs 
Preparation of PLFAs consisted of three steps, i.e. the extraction of the 
lipids, the isolation of phospholipids and the methanolysis of these 
phospholipids resulting in fatty acid methyl esters (FAMEs), following a 
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modified Bligh and Dyer (1959) technique, described by Balser (2001) and 
slightly modified, as described below. 
 
4.2.2.1 Lipid extraction 
Lyophilized soil (4 g) was weighed directly in glass centrifuge tubes, with 
teflon screw caps. Then 3.6 ml phosphate buffer (0.1M, pH 7.0), 4 ml 
chloroform and 8 ml methanol (0.9:1:2 vol:vol ratio) were added. The tubes 
were shaken horizontally for maximum shaking disruption for 1 hour and 
afterwards centrifuged for 10 min at 2500 rpm. The supernatant liquid was 
decanted in new clean glass tubes and 3.6 ml phosphate buffer and 4 ml 
chloroform were added to obtain the final ratios of buffer, chloroform and 
methanol of 0.9:1:1. The samples were left overnight for phase separation. 
The next day, the lower layer was transferred to smaller glass tubes with 
teflon caps using disposable pasteur pipettes. The upper phase was washed 
with 3 ml chloroform to remove any remaining lipids. The layers were mixed 
by vortexing and centrifuged for 10 min at 2500 rpm. The lower phase was 
combined with the first chloroform fraction and was then dried with N2 in a 
nitrogen evaporation system (N-EVAP 11250, Organomation Associates 
Inc.).  
For the analysis of the PLFA profile of the organic amendments, the same 
procedure was followed. However, preliminary experiments showed that due 
to the higher PLFA content, the initial weighed amount had to be lowered to 
1 g for VFG, CMC1 and CMC2 and 0.5 g for CSL and FYM. As well as for 
the isolation and methylation of the PLFAs (4.2.2.2 and 4.2.2.3) the same 
procedure as for the soil samples was used. 
 
4.2.2.2 Isolation of phospholipids 
The lipid extracts were separated into neutral, glyco- and phospholipids by 
solid phase extraction (SPE), using columns with 500 mg unmodified silica 
(Chromabond, Macherey-Nagel). Up to 24 columns were mounted on a 
vacuum manifold and conditioned by adding 3 ml chloroform. The dried lipids 
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were redissolved in 3 times 0.35 ml of chloroform and sequentially 
transferred to the columns using pasteur pipettes. Then, 5 ml chloroform and 
10 ml acetone were used to elute the neutral and glycolipids respectively, 
which were discarded. The phospholipids were eluted using 5 ml methanol 
and after completely draining the columns, the methanol was evaporated 
with N2. The samples were stored in the freezer (-18°C). 
 
4.2.2.3 Methylation of the PLFAs 
The dried phospholipids were redissolved in 1 ml methanol-toluene (1:1 
vol:vol) and 1 ml 0.2M methanolic KOH. The samples were incubated in an 
oven at 35°C for 15 min. After cooling to room temp erature, 2 ml hexane-
chloroform (4:1 vol:vol), 1 ml 1M acetic acid and 2 ml demineralised water 
were added to the tubes. After thoroughly vortexing, the samples were 
centrifuged for 5 min at 2000 rpm to separate the phases. The (upper) 
hexane layer was then transferred to clean pointed glass tubes using 
pasteur pipettes. This washing of the aqueous phase was repeated twice 
(adding 2 times 2 ml hexane-chloroform and centrifuging) and the upper 
hexane layers were added to the initial hexane fraction. This combined 
hexane phase was dried under N2. 
 
4.2.3 Gaschromatograph-mass spectrometer (GC-MS) analysis 
The FAMEs were finally redissolved and transferred to vials with glass 
inserts in 0.3 ml of hexane, containing methyl nonadecanoate fatty acid 
(C19:0) as an internal standard. 
The GC-MS measurements were made on a Thermo Focus GC combined 
with a Thermo DSQ quadrupole MS in electron impact mode. Samples were 
injected on a Varian capillary column CP Sil 88 (100 m x 0.25 mm i.d., 0.2 
µm film thickness), in the splitless mode with a 1 min venting time by a 
Thermo AS 3000 auto sampler. The inlet temperature was 230°C and helium 
was used as carrier gas at a flow rate of 1.2 ml min-1. The temperature 
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program of the oven began at 75°C for 5 min and inc reased to 180°C at 
10°C min -1. This temperature was held for 3 min, and then followed by an 
increase of 2°C min -1 up to 240°C, which was held for 10 min, resulting in a 
total run time of 58 min. The transfer line was kept at 240°C and the ion 
source of the MS at 220°C. The GC-MS was periodical ly autotuned with 
perfluorotributylamine (PFTBA) by an ionization energy of 70eV. A set of 33 
fatty acids was analysed in all samples. Fatty acids not included in this set 
were discarded; they were unreliably quantified in many plots because their 
abundances were often too low to be properly detected. 
 
4.2.4. Identification and quantification 
Identification of fatty acids and determination of the geometry of unsaturated 
fatty acids was based on retention times and on the use of the NIST library 
for MS (National Institute of Standards and Technology) and of standard 
mixes with a known fatty acid composition (Restek, cat. 35077; Supelco 
47080-U). 
Quantification was obtained by injecting a dilution series of a quantitative mix 
of FAMEs (Restek, cat. 35077) with a known amount of the compounds of 
interest and the internal standard. Based on the ratio between the compound 
of interest and the internal standard in terms of peak areas, quantification 
was achieved. For the FAMEs whose quantitative standard was not 
available, quantification was done using the peak area ratio of the available 
standard FAME with the chemical structure most closely resembling the 
structure of the FAME of interest. 
 
4.2.5 Nomenclature of fatty acids 
Fatty acids were designated as X:YωZ, where X is the number of C atoms, Y 
the number of double bonds and Z indicates the position of the first double 
bond from the aliphatic (ω) end of the molecule. Cis and trans isomers are 
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indicated by c or t. Branched-chain fatty acids are indicated by the prefixes i 
or a for iso and anteiso-branchings respectively; cy designates cyclopropyl 
fatty acids. The 10Me-fatty acids have a methyl group attached to the 10th 
carbon atom from the carboxyl end of the molecule.  
 
4.2.6 Marker fatty acids of selected microbial groups 
The dataset of all fatty acids per sampling date was simplified by using 
certain marker fatty acids of selected microbial groups, following Kozdroj and 
van Elsas (2001). For Gram-positive bacteria the sum of iC15:0, aC15:0, 
iC16:0, iC17:0 and aC17:0 was used. The fatty acid cyC17:0 was considered 
to be typical for Gram-negative bacteria, while for the actinomycetes, the 
sum of the 10Me fatty acids (10MeC16:0 and 10MeC18:0) was regarded as 
a reliable indicator. The C18:2ω6,9c was used as a signature fatty acid for 
fungi, and 16:1ω5c as a signature fatty acid for arbuscular mycorrhizal fungi.  
For the ratio of bacteria to fungi, the fatty acids iC15:0, aC15:0, C15:0, 
iC16:0, iC17:0, aC17:0, C17:0, cyC17:0 and cyC19:0 were chosen to 
represent bacterial PLFAs, while C18:2ω6,9c was used as indicator of fungal 
biomass (Fröstegard et al., 1993; Pennanen et al., 1996; Bossio and Scow, 
1998; Marschner et al., 2003). 
 
4.2.7 Microbial biomass C 
Microbial biomass C was determined (two replicates per soil sample with a 
total of eight replicates per treatment) by fumigation-extraction according to 
Voroney et al. (1993) using a 24h fumigation period, a 0.5M K2SO4 
extractant, a soil-to-extractant ratio of 1:2 (both for fumigated and non-
fumigated samples) and a conversion factor kEC of 0.45. The total organic C 
of the extracts was determined using a Total Organic Carbon analyser 
(TOC-VCPN, Shimadzu, Japan). 
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4.2.8 Statistical analysis 
The percentage distribution of the individual PLFAs was used for principal 
component analyses (PCA) using S-Plus software. For the soil samples, the 
PCA of the mean value of the four replicates was conducted for each 
sampling date and per year using all data of that year. For the organic 
amendments, the mean value of the three replicates of both autumn 2006 
and spring 2007 were analysed in one PCA. All fatty acids contributing less 
than 1% in the pool of fatty acids were removed before statistical analysis of 
the data, leaving 18 fatty acids used for PCA. The omitted fatty acids were 
the same for all sampling dates. The fatty acid C16:0 was also disregarded 
since it is ubiquitous in the microbial community (Herrmann and Shann, 
1997) and it was found in large quantities in all samples. All pooled data of 
the same 18 fatty acids of the whole experimental period (2005-2007) were 
subjected to agglomerative hierarchical cluster analysis to investigate the 
effect of both treatment and sampling moment. 
The data of the marker fatty acids of selected microbial groups and of the 
microbial biomass C were subjected to analyses of variance (ANOVA) tests 
and significant differences between means were determined by Tukey’s test.  
 
4.3 Results 
Only for the samplings on 25/04/06 and 05/05/07 significant differences 
(p<0.05) could be found in the total microbial biomass C. However, the 
organically amended plots tended to have a higher microbial biomass C 
(Table 4.2) during the whole experimental period, compared to the minerally 
fertilized (MIN N) and unfertilized treatments (NF+ and NF-). Among the 
organic amendments, no significant differences (p<0.05) or trends could be 
observed, although the microbial biomass C trended higher in the FYM plots 
during 2006, while the effect of the CMC1 farm compost seemed to be rather 
limited in the first four samplings. The amount of microbial C in the MIN N 
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plots and the NF+ plots was almost equal, and slightly, but not significantly 
(p<0.05) higher than in the NF- plots. The microbial biomass C, sampled on 
25/09/07, constituted between 1.06 and 1.24% of the total SOC content, 
sampled on 15/10/07 (Table 3.3). 
 
Table 4.2 Amount of microbial biomass C (in mg kg-1 soil) and total amount of PLFAs 
(in ng g-1 soil) and standard deviations in the soil samples taken during 2006 and 
2007 
 
Date FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
 Microbial biomass C (mg kg-1 soil)     
25/04/06 262.3 
±86.2a1 
249.6 
±22.2ab 
192.2 
±29.3ab 
189.7 
±69.8ab 
224.1 
±46.6ab 
188.1 
±47.1ab 
178.8 
±13.7ab 
126.5 
±45.4b 
23/08/06 288.0 
±79.2a 
250.8 
±71.8a 
199.0 
±14.1a 
256.4 
±90.4a 
247.0 
±44.9a 
185.7 
±58.8a 
190.7 
±59.5a 
157.1 
±11.3a 
29/11/06 178.4 
±43.4a 
172.4 
±33.3a 
146.8 
±15.4a 
172.7 
±21.3a 
156.1 
±36.2a 
133.2 
±43.6a 
130.4 
±52.7a 
124.3 
±47.1a 
05/05/07 152.9 
±18.4a 
149.9 
±18.3ac 
135.0 
±11.8ad 
139.0 
±4.5ad 
157.8 
±21.3a 
114.0 
±8.6bd 
119.2 
±7.0bcd 
99.6 
±12.9b 
25/09/07 136.2 
±14.3a 
132.8 
±46.7a 
136.8 
±42.8a 
130.1 
±17.8a 
135.7 
±14.8a 
108.7 
±15.7a 
112.0 
±21.7a 
104.0 
±23.3a 
 Total PLFAs (ng g-1 soil)      
25/04/06 9487 
±1512a 
6700 
±847bc 
6169 
±657bc 
6077 
±639bc 
8081 
±701ac 
5888 
±929bc 
5541 
±732b 
4530 
±585b 
23/08/06 10478 
±1840a 
9460 
±1120ab 
8544 
±1611ab 
9595 
±912a 
10195 
±919a 
8765 
±1086ab 
7511 
±870ab 
6430 
±440b 
29/11/06 8599 
±1214a 
7631 
±674a 
8304 
±1063a 
7697 
±1366a 
7558 
±292a 
7515 
±1426a 
6733 
±763a 
5859 
±1270a 
05/05/07 7988 
±965ab 
8644 
±781a 
7700 
±1221ab 
7779 
±798ab 
8940 
±669a 
6568 
±473b 
7129 
±319ab 
6169 
±157b 
25/09/07 7638 
±798a 
7362 
±727a 
7456 
±626a 
7415 
±321a 
6936 
±594ac 
5591 
±325bc 
5586 
±641bc 
5326 
±312b 
1 Different letters indicate a significant difference per sampling date according to Tukey (p<0.05) 
 
Since the total microbial biomass C was not determined in 2005, the total 
amount of PLFAs in the soil samples of 2005 was not shown in Table 4.2. 
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This total amount of PLFAs followed a similar trend as the microbial biomass 
C, with a higher amount of PLFAs in plots with organic amendments. Except 
for the samples taken on 29/11/06, significant differences among treatments 
could be observed (p<0.05), with the lowest total amount of PLFAs in the 
NF- plots. Among the organic amendments, no significant differences 
(p<0.05) could be observed, except on 25/04/06. 
The microbial biomass C and the total amount of PLFAs could be well 
correlated for all samplings in 2006 and 2007 (r = 0.65, slope of 0.023, 
p<0.05). For the individual sampling dates the correlation was even stronger 
with again a significant (p<0.05) r ranging from 0.73 to 0.96 and with a slope 
between 0.014 and 0.029 (Figure 4.1).  
 
 
Figure 4.1 Correlation between the total amount of PLFA and the microbial biomass 
C for all sampling dates during 2006 and 2007 
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A total of 33 individual PLFAs was identified in the soil samples. However, 
the PLFA composition of the soil samples, expressed as a percentage of the 
total amount of fatty acids, was compared by a PCA on only 18 PLFAs (see 
paragraph 4.2.8). The biplot of this PCA for the pooled samples taken during 
2005 is shown in Figure 4.2. 
Figure 4.2 Biplot of the principal component analysis of the percentage distribution of 
the PLFAs in the soil samples taken during 2005 (“+” = 24/05, “*” = 24/08, “-“ = 23/11; 
1 = FYM, 2 = VFG, 3 = CMC1, 4 = CMC2, 5 = CSL, 6 = MIN N, 7 = NF+, 8 = NF-) 
 
The first two principal components explained 34 and 22% of the variation, 
respectively. Apart from the CSL plots on 24/05/05 (“5+”) and the CMC2 
plots on 23/11/05 (“4-“), Figure 4.2 shows that the samples could be more or 
less grouped according to sampling date (“+” vs. “*” vs. “-“) and thus that, 
with respect to PLFA composition, the similarity between treatments seemed 
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to be larger than that between sampling dates. The first principal component 
separates the samples of 24/08/05 from the two other sampling dates, while 
the second principal component separates the samples of 24/05/05 and 
23/11/05. On the biplot of the PCA for the pooled samples taken during 2006 
(Figure 4.3), the same grouping of the samples according to sampling date 
was observed. In this plot the first two principal components explained 44 
and 21% of the variation, respectively.  
Figure 4.3 Biplot of the principal component analysis of the percentage distribution of 
the PLFAs in the soil samples taken during 2006 (“+” = 25/04, “*” = 23/08, “-“ = 29/11; 
1 = FYM, 2 = VFG, 3 = CMC1, 4 = CMC2, 5 = CSL, 6 = MIN N, 7 = NF+, 8 = NF-) 
 
As for the biplot of the data of 2005 the mono-unsaturated (e.g. C16:1ω7c, 
C18:1ω7c, C18:1ω9c) and branched-chain fatty acids (e.g. iC15:0, aC15:0, 
iC16:0) were mainly responsible for the separation according to sampling 
The quality of exogenous OM and the PLFA composition of the soil microbiota 
 71 
date along the first principal component. In contrast to the results of 2005, 
the scattering of the results over the second principal component according 
to sampling date was larger, with the largest spread found for spring 2006 
(25/04/06). Similar observations were made for the biplot of the data of 2007, 
in which the first two principal components explained 46 and 19% of the 
variation, respectively (Figure 4.4). Again, there is an obvious grouping 
according to sampling date and the same mono-unsaturated and branched-
chain fatty acids were responsible for the separation according to sampling 
date along the first principal component. As for the biplot of 2006, the 
scattering of the results within each sampling date was clearly larger than 
that of 2005. 
Figure 4.4 Biplot of the principal component analysis of the percentage distribution of 
the PLFAs in the soil samples taken during 2007 (“+” = 05/05, “*” = 25/09; 1 = FYM, 2 
= VFG, 3 = CMC1, 4 = CMC2, 5 = CSL, 6 = MIN N, 7 = NF+, 8 = NF-) 
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The hypothesis that during the three experimental years the sampling 
moment had a more pronounced effect than the different fertilizer treatments 
on the microbial community structure, was tested by a cluster analysis of all 
pooled data of the eight sampling dates. The clustering tree of the cluster 
analysis is presented in Figure 4.5.  
 
Figure 4.5 Clustering tree of the cluster analysis of all PLFA data of the samplings 
during the experimental period (numbers refer to year, sampling moment and 
treatment respectively: 1 = FYM, 2 = VFG, 3 = CMC1, 4 = CMC2, 5 = CSL, 6 = MIN 
N, 7 = NF+, 8 = NF-) 
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In this figure, the numbers refer to the experimental year, the sampling 
moment in that year and the treatment respectively; e.g. 2.3.5 refers to the 
year 2006 (year two of the experimental period), the third sampling in that 
year (November 2006) and the samples taken on the CSL plots. Figure 4.5 
strongly confirms our assumptions that all data could be clustered according 
to sampling date. For the data of the individual experimental years a similar 
clustering according to sampling date was obtained (figures not shown). 
Only for the samples taken in the summer and autumn of 2006 (number 2.2 
and 2.3 respectively) the clustering was less good. Figure 4.5 also reveals 
that the data could not be clustered per experimental year or to the same 
season in the experimental years.  
Despite the great impact of the sampling moment, in the biplot of the pooled 
data of 2006 (Figure 4.3) the organic treatments (numbers 1 to 5) could be 
separated from the NF- plots, and to a lesser extent from the NF+ plots 
(numbers 8 and 7 respectively). The same is true, even for the MIN N plots 
(number 6) for the data in 2007 (Figure 4.4), especially for the last sampling 
on 25/09/07 where the separation was more pronounced. This was also true 
for the individual sampling dates of 2006 and 2007 (plots not shown).  
Nevertheless, it was difficult to clearly distinguish the PLFA composition 
between the treatments and no obvious relation between any of the 
(organic) treatments and certain fatty acids or microbial group could be 
found in the biplots of the experimental years or those of the individual 
sampling dates. The CSL plots can be used to illustrate these 
inconsistencies: on 25/04/06 the fatty acids C20:4 and C20:5 were mainly 
responsible for the separation of this treatment from the other organic 
amendments, while on 23/08/06 C16:1ω5c and on 29/11/06 the cyclopropyl 
fatty acids were the main separating PLFAs (the biplots of these individual 
sampling dates are not shown). 
Since no analysis of variance differences could be observed in the amounts 
of marker PLFAs of selected microbial groups of the different treatments 
during 2005, only the results of the samples taken during 2006 and 2007 are 
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shown (Table 4.3). As for the total amount of PLFAs, the amount of PLFAs, 
representing the Gram-positive and Gram-negative bacteria and the 
actinomycetes, tended to be higher in the organically amended plots 
compared to the unamended (MIN N, NF+, NF-). For almost all sampling 
dates, significant differences were recorded (p<0.05), but among the five 
organic amendments no trends or differences could be observed. The 
organic treatments also had a higher concentration of mycorrhizal PLFA, but 
these differences were not always significant (p<0.05). While the amount of 
fungal PLFA was higher on all fertilized plots at the first two sampling dates 
in 2006, this trend was replaced by another at the end of 2006 and certainly 
in 2007: in plots amended with compost (VFG and CMC) the amount of 
fungal PLFA trended higher than in the FYM and CSL plots. These 
differences were however not significant (p<0.05), but resulted in a (not 
significantly, p<0.05) lower bacteria to fungi ratio for the compost amended 
plots, compared to the FYM and CSL plots (Table 4.3).  
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Table 4.3 Amount of marker PLFAs of selected microbial groups (in ng g-1 soil) and 
calculated ratios and standard deviations in the soil samples taken during 2006 and 
2007 
 
Microbial group Date FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
 25/04/06 1388 
±151a1 
828 
±81ab 
807 
±69ab 
844 
±154ab 
998 
±171ab 
701 
±87b 
729 
±148b 
636 
±13b 
 23/08/06 1645 
±158a 
1549 
±166ab 
1430 
±182abc 
1686 
±159a 
1570 
±115ab 
1363 
±109abc 
1288 
±142bc 
1207 
±58c 
Gram-positive 29/11/06 1314 
±208a 
1090 
±140ab 
1159 
±194ab 
1059 
±188ab 
1080 
±117ab 
1008 
±159ab 
952 
±78b 
834 
±100b 
 05/05/07 1469 
±75ab 
1673 
±246bc 
1323 
±274ac 
1417 
±73ac 
1897 
±136b 
1194 
±129a 
1301 
±120ac 
1162 
±50a 
 25/09/07 1255 
±131a 
1222 
±248ac 
1217 
±102ac 
1245 
±156a 
1188 
±28ac 
841 
±134b 
895 
±173bc 
799 
±133b 
 25/04/06 119 
±36a 
81 
±11ab 
85 
±5ab 
75 
±9b 
95 
±16ab 
79 
±20ab 
87 
±17ab 
67 
±5b 
 23/08/06 188 
±23ab 
185 
±32ab 
180 
±25ab 
187 
±18ab 
213 
±18a 
167 
±29abc 
152 
±19bc 
123 
±15c 
Gram-negative 29/11/06 126 
±21ab 
138 
±28ab 
141 
±9ab 
123 
±17ab 
147 
±29a 
116 
±18ab 
97 
±8b 
101 
±12b 
 05/05/07 166 
±8ab 
149 
±36ab 
150 
±27ab 
158 
±4ab 
182 
±17a 
122 
±26b 
145 
±16ab 
130 
±5ab 
 25/09/07 154 
±18a 
143 
±22ac 
141 
±8ac 
137 
±1ac 
143 
±4ac 
116 
±12bc 
116 
±10bc 
97 
±4b 
 25/04/06 391 
±64a 
334 
±29ab 
351 
±26ab 
341 
±40ab 
388 
±20a 
320 
±4ab 
320 
±29ab 
306 
±11b 
 23/08/06 530 
±24a 
525 
±42a 
496 
±47ab 
540 
±21a 
538 
±41a 
482 
±32abc 
441 
±25bc 
418 
±23c 
Actinomycetes 29/11/06 444 
±55ab 
413 
±39abc 
456 
±25a 
407 
±30abc 
423 
±29abc 
377 
±30abc 
362 
±35bc 
352 
±38c 
 05/05/07 405 
±11a 
447 
±47a 
415 
±69a 
440 
±56a 
461 
±21a 
389 
±36a 
390 
±39a 
363 
±12a 
 25/09/07 396 
±31a 
377 
±40ac 
395 
±29a 
389 
±14a 
366 
±41ad 
306 
±12bd 
323 
±30bcd 
268 
±9b 
 25/04/06 691 
±112a 
472 
±54b 
408 
±48bc 
414 
±36bc 
486 
±61b 
382 
±15bc 
339 
±30c 
204 
±22d 
 23/08/06 1059 
±564a 
812 
±279a 
665 
±303a 
823 
±287a 
977 
±498a 
974 
±198a 
534 
±138a 
420 
±173a 
Fungi 29/11/06 641 
±185a 
608 
±92a 
873 
±193a 
730 
±317a 
511 
±130a 
774 
±216a 
676 
±90a 
573 
±247a 
 05/05/07 231 
±28a 
280 
±30a 
248 
±57a 
238 
±52a 
218 
±27a 
206 
±42a 
274 
±36a 
179 
±22a 
 25/09/07 276 
±30ab 
323 
±47ab 
382 
±72a 
306 
±20ab 
274 
±38ab 
275 
±83ab 
247 
±59b 
363 
±43ab 
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Table 4.3 Amount of marker PLFAs of selected microbial groups (in ng g-1 soil) and 
calculated ratios and standard deviations in the soil samples taken during 2006 and 
2007 (continued) 
 
Microbial group Date FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
 25/04/06 523 
±82a 
319 
±56ab 
298 
±70ab 
279 
±59ab 
409 
±83ab 
222 
±37b 
232 
±48b 
198 
±40b 
 23/08/06 477 
±38ab 
483 
±49a 
414 
±87abc 
478 
±59ab 
504 
±49a 
369 
±17bcd 
341 
±35cd 
263 
±15d 
Mycorrhizae 29/11/06 506 
±55a 
461 
±50ab 
396 
±65abc 
354 
±60abc 
402 
±107abc 
333 
±67bc 
324 
±46bc 
257 
±52c 
 05/05/07 446 
±66a 
466 
±61a 
390 
±69a 
439 
±73a 
491 
±67a 
348 
±30a 
348 
±36a 
342 
±15a 
 25/09/07 465 
±28a 
438 
±49a 
422 
±31a 
431 
±56a 
399 
±67ac 
277 
±17b 
307 
±23bc 
237 
±19b 
 25/04/06 11.61 
±0.99a 
10.18 
±0.52a 
9.63 
±0.50a 
11.18 
±0.34a 
10.42 
±0.27a 
8.80 
±1.18a 
8.60 
±1.71a 
9.45 
±0.47a 
 23/08/06 8.81 
±0.85abc 
8.52 
±1.25abc 
7.96 
±0.35ac 
9.02 
±0.39ab 
7.37 
±0.17c 
8.27 
±0.82abc 
8.48 
±0.19abc 
9.92 
±0.80b 
Gram+/Gram- 29/11/06 10.48 
±0.85a 
8.03 
±0.17ab 
8.20 
±1.01ab 
8.61 
±0.97ab 
7.49 
±0.91b 
8.77 
±1.08ab 
9.90 
±0.89ab 
8.34 
±1.03ab 
 05/05/07 8.85 
±0.15ab 
11.42 
±1.58a 
8.80 
±0.48b 
8.95 
±0.25ab 
10.50 
±1.45ab 
9.98 
±1.28ab 
8.96 
±0.21ab 
8.92 
±0.44ab 
 25/09/07 8.10 
±0.49ab 
8.55 
±0.49ab 
8.64 
±0.44ab 
9.08 
±1.12a 
8.33 
±0.19ab 
7.23 
±0.28b 
7.73 
±1.37ab 
8.19 
±0.96ab 
 25/04/06 2.97 
±0.16ab 
2.64 
±0.18a 
3.09 
±0.55ab 
3.05 
±0.34ab 
3.06 
±0.48ab 
2.91 
±0.44ab 
3.39 
±0.73ab 
4.76 
±0.39b 
 23/08/06 3.29 
±0.30a 
3.01 
±0.90a 
3.86 
±0.65a 
3.26 
±0.49a 
3.07 
±0.17a 
2.69 
±0.34a 
3.68 
±0.84a 
4.50 
±0.66a 
Bacteria/fungi 29/11/06 3.13 
±0.57a 
2.79 
±0.59a 
2.10 
±0.39a 
2.86 
±0.44a 
3.49 
±0.32a 
2.18 
±0.84a 
2.16 
±0.23a 
2.53 
±1.17a 
 05/05/07 9.41 
±1.04a 
8.73 
±2.17a 
8.02 
±1.28a 
9.15 
±1.95a 
11.13 
±1.36a 
8.99 
±2.49a 
7.29 
±1.52a 
9.77 
±1.46a 
 25/09/07 6.75 
±0.22a 
5.62 
±0.84a 
4.84 
±0.64ab 
5.91 
±0.27a 
6.46 
±0.88a 
5.15 
±1.74ab 
5.63 
±0.91a 
3.40 
±0.75b 
1
 Different letters indicate a significant difference per sampling date according to Tukey (p<0.05) 
 
The differences and unequivocal trends in the ratios of gram-positive to 
gram-negative bacteria and to a lesser extent in that of bacteria to fungi of 
the different treatments indicate that the fertilizer treatments did influence the 
PLFA composition of the soil samples, but that this impact clearly differed 
per sampling date. 
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Table 4.4 summarizes the total amount and amount of marker PLFAs in the 
five organic amendments. Since the data in this table are expressed in µg g-1 
dry organic matter, it can be seen that the microbial biomass, expressed as 
total amount of PLFAs, in these organic amendments was much higher (on 
average 10 to 100 times, and sometimes even higher) than in the soil 
samples.  
 
Table 4.4 Total amount and amount of marker PLFAs of selected microbial groups 
(in µg g-1 dry OM) and calculated ratios and standard deviations in the organic 
amendments applied in autumn 2006 and spring 2007 
 
Microbial group Date FYM VFG CMC1 CMC2 CSL 
Total Autumn ‘06 676.44 
±7.78a1 
107.56 
±4.56b 
58.47 
±5.00c 
50.78 
±5.33c 
362.46 
±18.45d 
 Spring ‘07 364.07 
±15.87a 
70.45 
±3.45bc 
104.97 
±3.26b 
57.73 
±8.17c 
661.22 
±27.60d 
Gram-positive Autumn ‘06 162.24 
±2.75a 
44.26 
±1.99b 
19.42 
±1.42c 
12.89 
±1.32c 
108.27 
±5.99d 
 Spring ‘07 118.47 
±4.16a 
26.61 
±1.24b 
26.09 
±0.86b 
21.23 
±3.44b 
189.29 
±7.41c 
Gram-negative Autumn ‘06 9.10 
±0.12a 
0.49 
±0.01b 
0.97 
±0.13c 
0.70 
±0.02b 
1.43 
±0.09d 
 Spring ‘07 4.91 
±0.21a 
0.73 
±0.06b 
1.23 
±0.05bc 
1.64 
±0.09c 
1.40 
±0.66bc 
Actinomycetes Autumn ‘06 12.76 
±0.48a 
4.31 
±0.03b 
3.29 
±0.23c 
2.98 
±0.31c 
3.11 
±0.16c 
 Spring ‘07 8.57 
±1.08a 
1.35 
±0.03ab 
6.09 
±0.25a 
3.03 
±0.50ab 
2.50 
±0.21b 
Fungi Autumn ‘06 12.63 
±0.39a 
8.33 
±0.70b 
6.57 
±0.32c 
3.69 
±0.49d 
13.91 
±0.68a 
 Spring ‘07 16.41 
±1.71a 
4.28 
±0.10b 
11.64 
±0.54c 
3.90 
±0.40b 
27.02 
±0.62d 
Mycorrhizae Autumn ‘06 59.96 
±0.67a 
1.00 
±0.07b 
1.84 
±0.08bc 
2.73 
±0.36c 
12.79 
±1.13d 
 Spring ‘07 22.53 
±1.79a 
1.19 
±0.07b 
6.33 
±0.25c 
2.52 
±0.50b 
6.43 
±0.26c 
Gram+/Gram- Autumn ‘06 17.85 
±0.50a 
89.76 
±4.72b 
20.18 
±1.15a 
18.34 
±1.42a 
75.91 
±2.16c 
 Spring ‘07 24.14 
±0.71a 
36.50 
±1.53ab 
21.25 
±1.28a 
12.91 
±1.69a 
173.91 
±121.00b 
Bacteria/fungi Autumn ‘06 17.11 
±0.68a 
6.27 
±0.28b 
3.74 
±0.11c 
4.66 
±0.14c 
9.03 
±0.11d 
 Spring ‘07 9.03 
±0.65a 
7.87 
±0.23b 
2.81 
±0.06c 
6.86 
±0.41d 
8.24 
±0.19ab 
1
 Different letters indicate a significant difference per sampling date according to Tukey (p<0.05) 
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The amount of marker PLFAs revealed that the composition of the microbial 
population of each amendment applied was rather variable, which may be 
linked with the variable composition of these amendments. E.g. the amount 
of fungal PLFA in the FYM applied in spring 2007 was higher than that in the 
FYM applied in autumn 2006, while the total amount of PLFAs in the FYM of 
autumn 2006 was almost twice as high than that of spring 2007. 
For all marker PLFAs significant differences (p<0.05) between the 
amendments were recorded, with in general the highest amount of PLFAs in 
the FYM and CSL. Although the amount of fungal PLFA is at both dates 
significantly lower in the composts, the bacteria to fungi ratio of these 
amendments is also significantly lower (p<0.05) than in the FYM and CSL. 
The relatively higher amount of fungal PLFA in the composts is also 
observable in Figure 4.6, representing the biplot of the PCA of the five 
organic amendments, in which the first two principal components explained 
41 and 16% of the variation, respectively. Figure 4.6 shows that C18:2ω6,9c 
being the marker fatty acid of fungi, is one of the fatty acids separating the 
compost treatments (at the left hand side) from the FYM and CSL (at the 
right hand side) along the first principal component. Furthermore, the 
amendments applied at both occasions can be more or less grouped per 
amendment, except the FYM in spring 2007 (“1+”) and the CMC2 in autumn 
2006 (“4*”). This indicates that, despite the variable absolute amounts of 
marker PLFAs listed in Table 4.4, the percentage distribution of the 18 
individual PLFAs of the amendments was more or less comparable for both 
dates. 
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Figure 4.6 Biplot of the principal component analysis of the percentage distribution of 
the PLFAs in the organic amendments applied in autumn 2006 and spring 2007 (“*” = 
07/09/06, “+” = 02/05/07; 1 = FYM, 2 = VFG, 3 = CMC1, 4 = CMC2, 5 = CSL) 
 
4.4 Discussion and conclusions 
The use of organic amendments resulted in a higher microbial biomass C, 
although this was not significant (p<0.05) for all samplings. Similar increases 
in the microbial biomass C following the application of organic amendments, 
including farmyard manure and all types of compost have been reported by 
other researchers (Kandeler et al., 1999; Böhme et al., 2005; Chang et al, 
2007). The higher microbial C can be linked with the higher C content of the 
amended plots compared to that of the unamended plots after two and a half 
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years of fertilization and four organic matter applications (see Chapter 3, 
Table 3.3). 
The similar amounts of microbial C in the MIN N and NF+ plots seem to 
indicate that the better crop growth and higher yield of the MIN N plots (see 
Chapter 3), hardly influenced the microbial biomass. In contrast and 
although all three unamended treatments (MIN N, NF+ and NF-) had a 
similar soil organic C content (see Chapter 3, Table 3.3), the absence of a 
crop (NF- vs. NF+) did seem to have a certain negative impact on the 
microbial biomass. From these data we speculate that the presence or 
absence of a crop has a much higher impact on the microbial population in 
the short term than the application of mineral fertilizer. A possible 
explanation is that due to the absence of a crop, the upper soil layer is more 
exposed to unfavorable weather conditions, such as radiation and drought, 
low temperatures, heavy rain, etc. adversely influencing the microbial 
population. Furthermore, the presence of a crop resulted in the production of 
root exudates, of which numerous authors have proved a significantly 
positive influence on the microbial biomass in the rhizosphere (Bardgett, 
2005). 
The total amount of PLFAs followed a similar trend as the microbial biomass 
C. Zelles et al. (1992) found a very good correlation between the total 
amount of PLFAs and other standard procedures of microbial biomass 
determination, e.g. microbial biomass C. In our experiment the correlation 
coefficient for the pooled samples taken during 2006 and 2007 was 0.65, but 
for the individual sampling dates the correlation was clearly higher (Figure 
4.1). A similar correlation (r = 0.79) between these two measures of 
microbial biomass was found by Petersen et al. (1997). From this we can 
conclude that if one is only interested in the total microbial biomass, the 
determination of the microbial biomass C is preferable to the total amount of 
PLFAs since the latter method is more expensive and labour intensive. 
However, the microbial biomass C does not give any information concerning 
the composition of the microbial community. 
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In the biplots of the PCA for the three experimental years, a clear impact of 
the sampling date was visible, indicating that in the short term the detected 
changes in the microbial community structure were almost completely 
induced by the season or sampling date. This assumption was supported by 
a cluster analysis, clearly clustering the observed data according to sampling 
date (Figure 4.5). However, in the biplot of the second and third year of the 
experiment, the spread within each sampling date was larger. This possibly 
indicated that the effect of the repeated fertilizer applications on the PLFA 
composition of the soil samples became more pronounced during 2006 and 
certainly during 2007. The differences between the five organic amendments 
and the other treatments became visible, but no fatty acids, and hence 
microbial groups, could be identified that were causing these separations of 
the treatments for each of the sampling dates. Moreover, no obvious 
differences were observed among the five organic treatments during the 
experimental period, although Table 4.4 and Figure 4.6 revealed that the 
PLFA composition of the microbial population of the applied organic 
amendments themselves differed considerably from each other. 
Nevertheless, these differences did not (yet) affect the PLFA composition of 
the soil. 
Our results reflect the complexity of studying the impact of fertilization on 
microbial community structure under field conditions owing to the difficulty of 
separating the effect of fertilization from other factors. Numerous other 
factors also affect the microbial population: environmental factors as 
temperature and moisture, soil management practices, plant growth, crop 
residues, soil type, history of fertilization… and interactions between all 
these factors. However, one must be aware that in our field experiment, 
besides eventual, small differences in these influencing factors and the 
absence of a crop on the NF- plots, the only factor that differed between 
treatments, was the fertilization (fertilization or not, organic and/or mineral 
and composition of the organic amendments). Therefore, we assume that 
when interpreting our results the most important and probably only factor 
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that has to be taken into account is the fertilization. Over the experimental 
period of two and a half years, however, the effect of this factor was rather 
limited, whereas most of the variation among the observed results could be 
attributed to seasonal variation. From this, we conclude that the experiment 
should be prolonged to assess whether differences among treatments, 
owing to fertilization, become observable in the long(er) term and whether 
the impact of the season or sampling moment remains more pronounced 
than that of the fertilization. 
Other studies have proven that the application of different organic and 
inorganic fertilizers resulted in changes in the microbial biomass and 
community structure and that PLFA analysis is a sensitive indicator to 
determine these changes (Peacock et al., 2001; Marschner et al., 2003; 
Böhme et al. 2005). However, these studies were all conducted on long term 
field trials (ranging from 10 to 100 years) in which samples were taken only 
once, while our results, based on regular sampling, pertain to short term 
effects (two and a half year). 
Furthermore, it has been proven several times that the sampling moment is 
an important variable to explain changes of the microbial population. Calbrix 
et al. (2007) also investigated the short term impact (one year study) of 
organic amendments on microbial communities. Similar to our research, they 
concluded that the organic amendments had less effect in the short term on 
the microbial population than the seasonal variations or other anthropogenic 
factors such as the mechanical management of the soil. Bossio et al. (1998) 
also found in a seven year study that the changes over time in the microbial 
community were of greater magnitude than changes associated with 
management regime. Similar results were recorded by Bossio and Scow 
(1998). Bossio et al. (1998) stated that the relative importance of various 
environmental variables in governing the composition of microbial 
communities can be ranked in the order: soil type, sampling moment, 
specific and single farming operations (e.g. use of a cover crop or cover crop 
incorporation), management system (i.e. the prolonged use of organic 
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amendments or mineral fertilizer) and spatial variation. Following this order 
and taking into account that all treatments in our research had the same soil 
type, the sampling moment would indeed be the most important variable in 
our study.  
It was not possible to discriminate in the microbial population between the 
five organic amendments and hence the quality of applied OM. However, the 
results of the sampling in November 2006, shortly after the third application 
of organic amendments, seem to show an interesting trend. In the plots 
amended with compost (VFG, CMC1, CMC2) the bacteria to fungi ratio was 
lower compared to the plots amended with manure and slurry. This trend 
continued during 2007, and also the absolute amount of fungal PLFA 
seemed to become slightly higher in these plots during 2007. Although none 
of these differences were significant (p<0.05), they may be linked with the 
quality or decomposability of the applied OM. The composts contain more 
recalcitrant compounds, due to the composting process above ground during 
several months, which are mainly decomposed by fungi, while readily 
decomposable compounds such as organic acids and carbohydrates 
present in manure and slurry are preferentially utilised by soil bacteria 
(Marschner et al., 2003). Our hypothesis was confirmed by the analysis of 
the microbial population of the organic amendments. From Table 4.4 it is 
clear that there are more fungi, relatively spoken, present in the composts 
than in the manure and the slurry, due to differences in decomposability of 
the applied amendments. We assume that the repeated application of these 
composts during the experimental period resulted in a slow shift of the 
bacteria to fungi ratio in the compost amended plots. 
Nevertheless, one can argue whether these slightly higher abundance of 
fungi in the compost plots is a purely addition effect, thus because of the 
applied fungi present in the composts compared to the manure and slurry, 
rather than a change of the soil microbiota owing to the application of the 
different organic amendments. Although significant differences were 
recorded in the microbial community structure of the applied amendments, 
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i.e. not just in the bacteria to fungi ratio but in all microbial groups (Table 4.4) 
and although rather large amounts of these amendments were applied 
during the experimental period (11500 kg C ha-1), the observed differences 
in the soil microbial community structure between the amended plots were 
almost negligible and limited to the above described trend of relatively more 
fungi in the compost plots. From this, we hypothesize that the observed 
trend is not a direct result of the application of certain micro-organisms (fungi 
vs. bacteria) through the amendments, but is rather induced by the 
application of the amendments as such and their quality. However, analyses 
over a longer term are necessary to find out if this trend will become more 
pronounced and possibly significant. 
 
We can conclude form this study that after two and a half years there is 
tendency towards shifts in the composition of the microbial population due to 
the applied organic amendments. However, these shifts due to amendment 
were relatively small, while the main observed differences, at least in the 
short term, were due to the sampling moment. Hence, this research showed 
that repeated analysis of the quantity and diversity of the soil microbial 
population, several times a year, is necessary to correctly assess the 
impacts of different organic amendments and that this has to be done over a 
long time period before sound conclusions can be drawn. 
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Chapter 5 
Nematode population dynamics as influenced by 
the quality of exogenous OM 
5.1 Introduction 
Nematodes are the most abundant multi-cellular organisms in terrestrial and 
aquatic ecosystems (Bongers and Bongers, 1998). Although nematodes 
represent a relatively small amount of biomass in soil, their key positions at 
most trophic levels in soil food webs are vitally important in soil environments 
and ecosystem processes (Barker and Koenning, 1998). Nematode 
assemblage analyses are useful in assessing soil ecosystem status and 
function since nematodes are ubiquitous and easy to sample and classify 
into feeding groups or functional guilds and they are sensitive to 
environmental changes. Hence nematode faunal analysis is evolving as a 
powerful bioindicator of the soil condition and of structural and functional 
attributes of the whole soil food web (Bongers and Ferris, 1999; Yeates and 
Bongers, 1999; Neher, 2001; Berkelmans et al., 2003; Yeates, 2003).  
The structure of the nematode assemblage is affected by natural and 
anthropogenic disturbances. In response to these disturbances, the 
nematode assemblage becomes dominated by fast-growing, bacterivorous 
nematodes (cp-1; sensu Bongers, 1990), and is then generally transformed 
to a more diverse community that includes slower-growing bacterivores and 
fungivores (cp-2) and, ultimately, predator nematodes and omnivores (cp-3 
to cp-5) (Ferris et al., 1996; Yeates et al., 1999). This evolution of complexity 
can be monitored by the maturity index (MI) as defined by Bongers (1990), 
which has been used successfully to distinguish between unstressed 
ecosystems and heavily disturbed systems. However, more subtle 
differences among e.g. differently managed agro-ecosystems, could not be 
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detected using the MI (Bongers and Bongers, 1998; Neher, 1999; Neher and 
Olson, 1999; Yeates and Bongers, 1999). An integration of trophic groupings 
and life strategies into functional guilds (Bongers and Bongers, 1998) 
allowed definition of several indices that describe structure, function and 
condition of the investigated soil food web relative to disturbance or stress. 
Ferris et al. (2001) defined the enrichment index (EI) as a measure of the 
nutritional level or resource availability, the structure index (SI) as a measure 
of the number of trophic layers and food web development, and the channel 
index (CI) as a measure to predict the decomposition pathway and 
distinguish between fungi- and bacteria-based food web structures 
(Berkelmans et al., 2003). These indicators may also be useful to 
characterize the soil quality or health. 
Although a lot of research has been done on the effects of organic soil 
amendments on plant-parasitic nematode dynamics (Akhtar and Malik, 
2000), there has been much less research on the effects of various kinds or 
qualities of organic amendments and mineral fertilizers on nematode 
assemblages and nematode trophic group dynamics (Bulluck et al., 2002). 
Moreover, in most of the recent studies on nematode assemblages the effect 
of only a small number of fertilizer treatments was investigated and 
compared (Bulluck et al., 2002; Forge et al., 2005; Wang et al., 2006; Okada 
and Harada, 2007). Therefore, the aim of the present study was to assess if 
eight different fertilizer regimes, five of which were organic amendments 
used in Belgian agriculture, would cause shifts in the nematode population 
densities and community structure in the short term. We used the indices 
described by Bongers (1990) and Ferris et al. (2001) to characterize the 
community structure. Furthermore, some researchers linked the nematode 
community with the microbial population (Yeates et al., 1997; Ferris and 
Matute, 2003; Ferris et al., 2004; Wardle et al., 2005; Williamson et al., 
2005). Therefore, we also characterized the changes in the soil microbial 
community by phospholipid fatty acid (PLFA) analysis as the basic food 
source for bacterivorous and fungivorous nematodes. 
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5.2 Materials and methods 
5.2.1 Soil sampling and analysis of nematodes 
Soil samples were taken on May 5, 2006, on October 9, 2006 and on May 8, 
2007. Composite soil samples of 25 cores were taken randomly to a depth of 
20 cm in each plot, using a 1.8 cm diameter auger. The composite samples 
were thoroughly mixed and stored overnight at 4°C. From each sample, 100 
ml was taken for nematode analysis. The extraction of nematodes was 
conducted with an automatic zonal centrifuge, following Hendrickx (1995). 
For each sample all nematodes present were counted using a dissecting 
microscope and fixed with 4% formaldehyde. From each sample 250 
randomly-chosen specimens were identified to species or genus level 
according to the taxonomic keys provided in Bongers (1988), using a 
compound microscope with Nomarski DIC observation at a magnification of 
400x and 1000x. All 250 nematodes were assigned to one of five trophic 
groups: bacterivores, fungivores, omnivores, predators or herbivores (Yeates 
et al., 1993). Species of the Tylenchidae were classified as plant feeders 
(Ferris and Matute, 2003; Ferris et al., 2004), but a difference was made 
between facultative (i.e. Tylenchidae) and obligate plant feeders (e.g. 
Paratylenchus, Rotylenchus). The genus Filenchus of the Tylenchidae was 
considered fungal feeding (Okada et al., 2005). The total number and the 
percentage of every trophic group in the community were calculated.  
Each nematode taxon was also assigned to a functional guild defined using 
a combination of feeding-group and life-history traits expressed as cp scores 
ranging from 1 (r-strategist) to 5 (K-strategist) (Bongers, 1990; Bongers and 
Bongers, 1998). The maturity index as defined by Bongers (1990) was 
calculated based on this 1-5 cp scale. The nematode fauna was also 
analyzed by a weighing system for nematode functional guilds in relation to 
the enrichment and structure of the soil food web and the decomposition 
pathway in the soil food web by calculating the enrichment index (EI), 
structure index (SI) and channel index (CI) according to Ferris et al. (2001). 
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The EI contains fast-growing bacterivorous and fungivorous nematodes with 
a cp-value of 1 or 2. The SI measures the slow growing and reproducing 
predator and omnivorous nematodes with cp-values of 3, 4 and 5. The CI is 
a comparison of the size of the fungal to bacterial feeding communities. The 
CI assesses the primary decomposition pathway of soil, a value of 100 being 
completely fungal and a value of 0 being completely bacterial (Berkelmans et 
al., 2003). 
 
5.2.2 PLFAs 
Soil samples for PLFA analysis were taken on April 25, 2006, on November 
29, 2006 and on May 5, 2007. Composite soil samples of 15 cores were 
randomly taken to a depth of 10 cm in each plot, using a 1.8 cm diameter 
auger. The samples were processed for assessment of fungal and bacterial 
fatty acid markers. PLFAs were extracted from the freeze dried soil samples, 
identified and measured by GC-MS as described in Chapter 4. The weights 
of individual PLFAs were measured as ng g-1 soil. The fatty acids iC15:0, 
aC15:0, C15:0, iC16:0, iC17:0, aC17:0, C17:0, cyC17:0 and cyC19:0 were 
chosen to represent bacterial PLFAs, while C18:2ω6,9c was used as 
indicator of fungal biomass (Fröstegard et al., 1993; Pennanen et al., 1996; 
Bossio and Scow, 1998; Marschner et al., 2003). 
 
5.2.3 Statistical analysis 
All data (nematode abundance and PLFAs) were subjected to analysis of 
variance (ANOVA) test using S-Plus software and significant differences 
between means were determined by Tukey’s test. 
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5.3 Results 
5.3.1 Nematode populations 
Forty-six genera of nematodes were identified in the soil samples, a few of 
which were not common for all sampling occasions (Tables 5.1, 5.3 and 5.4). 
Total numbers of nematodes differed significantly (p<0.05) among 
treatments at all samplings, with fewest nematodes in the NF- plots. In 
spring and autumn 2006, the nematode abundance in all fertilized plots 
trended higher then in the NF+ and NF- plots, however these differences 
were not significant (p<0.05). Besides the greatest number of nematodes 
found in the CSL plots at both sampling moments in 2006, there was no 
unequivocal trend over time in the total nematode number for the five 
organic amendments. 
 
Table 5.1 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
05/05/06 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Bacterivores          
 Diploscapter coronatus 1 0 5 0 0 0 0 0 0 
 Diplogaster 1 11 0 5 0 13 10 7 0 
 Cuticularia 1 48 30 0 0 0 0 5 0 
 Rhabditidae 1 354 481 235 263 236 246 233 216 
 Dauerlarvae 1 1104 781 568 602 5681 362 420 320 
 Acrobeloides nanus 2 260 346 265 242 196 148 136 95 
 Eucephalobus oxyuroides 2 138 117 96 205 94 97 89 42 
 Eucephalobus striatus 2 0 11 32 31 25 28 10 5 
 Cephalobus 2 0 0 0 0 0 5 0 0 
 Cervidellus serratus 2 0 0 0 6 0 0 0 0 
 Heterocephalobus longicaudatus 2 42 6 47 24 17 27 37 5 
 Acrobelophis minimus 2 0 0 0 75 0 0 0 0 
 Acrolobus emarginatus 2 0 0 0 0 6 0 0 0 
 Plectus tenuis 2 108 62 24 60 55 67 79 43 
 
         
Total bacterivores  2065a1 1839a 1272a 1508a 6323b 990a 1016a 716a 
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Table 5.1 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
05/05/06 (continued) 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Fungivores          
 Aphelenchus avenae 2 65 53 16 13 0 41 42 17 
 Aphelenchoides bicaudatus 2 13 34 17 6 0 38 17 11 
 Aphelenchoides asterocaudatus 2 0 11 0 12 0 6 0 3 
 Ditylenchus 2 32 72 53 81 101 56 32 15 
 Filenchus 2 12 0 15 0 0 0 0 5 
 
         
Total fungivores  122a 170a 101a 112a 101a 141a 91a 51a 
          
Omnivores          
 Eudorylaimus centrocercus 4 0 14 22 0 86 2 5 10 
 Dorylaimoides limnophilus 4 0 0 0 0 0 5 0 3 
 Oxydirus oxycephaloides 5 0 0 0 0 0 0 10 0 
 
         
Total omnivores  0a 14a 22a 0a 86a 7a 15a 13a 
          
Predators          
 Clarkus 4 0 0 10 8 0 5 5 1 
 Coomansus parvus 4 0 0 0 8 0 8 0 0 
 
         
Total predators  0a 0a 10a 16a 0a 13a 5a 1a 
          
Herbivores          
 Tylenchus davainei 2 24 6 23 0 0 6 7 0 
 Basiria 2 0 0 27 0 0 19 7 8 
 Malenchus bryophilus 2 447 705 355 551 245 402 256 151 
 Psilenchus hilarulus 2 8 0 0 0 0 2 16 0 
 Psilenchus terextremus 2 30 36 0 109 51 48 45 28 
 Paratylenchus nanus 2 299 287 473 299 198 562 181 114 
 Pratylenchus crenatus 3 240 465 338 232 311 221 255 167 
 Pratylenchus penetrans 3 45 8 9 0 0 10 0 0 
 Tylenchorhynchus  3 198 196 249 234 204 142 143 129 
 Rotylenchus robustus 3 0 11 0 0 17 0 0 2 
 Meloidogyne naasi 3 14 16 0 0 0 0 15 7 
 Trichodorus 4 0 0 0 0 0 5 0 0 
 
         
Total herbivores  1305ab 1730b 1474ab 1425ab 1026ab 1417ab 925ab 606a 
 
         
Total  3492ab 3753b 2879ab 3061ab 7536c 2568ab 2052ab 1387a 
1
 Different letters indicate a significant difference per trophic group according to Tukey (p<0.05) 
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Bacterivorous nematodes were predominant in all soil samples and 
constituted between  39 and 84% of the total nematode abundance in spring 
2006, between 34 and 72% in autumn 2006 and between 25 and 63% in 
spring 2007. At all sampling moments, the highest absolute number (Tables 
5.1, 5.3 and 5.4) and relative abundance (Table 5.2) of all bacterivorous 
nematodes (active bacterivores and inactive dauerlarvae) were found in the 
FYM and CSL plots. However, in spring 2006 only the effect of CSL was 
significant, while in autumn this difference was significant for both treatments 
(p<0.05). In spring 2007, both fertilizer treatments had a significantly positive 
impact (p<0.05) on the relative abundance of bacterivorous nematodes, but 
not on the absolute amount. The high abundance of bacterivorous 
nematodes in the FYM and CSL plots was mostly due to the very high 
number of dauerlarvae on these plots. For the other treatments, there were 
no obvious trends or differences in the relative abundance of bacterivores. 
 
Table 5.2 Effect of the different fertilizer regimes on nematode community indices on 
05/05/06, 09/10/06 and 08/05/07 
 
Nematode index FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
05/05/06         
% Bacterivores 27.52a1 28.19a 24.45a 29.60a 8.52b 24.45a 29.04a 28.55a 
% Dauerlarvae 31.62a 20.81ac 19.73ac 19.67ac 75.38b 14.10c 20.47ac 23.07ac 
% Total bacterivores 59.14a 49.00ac 44.18ac 49.27ac 83.90b 38.55c 49.51ac 51.62ac 
% Fungivores 3.49a 4.56a 3.50a 3.63a 1.34a 5.50a 4.43a 3.71a 
% Omnivores 0.00a 0.37a 0.76a 0.00a 1.14a 0.30a 0.72a 0.99a 
% Predators 0.00a 0.00a 0.34a 0.55a 0.00a 0.50a 0.22a 0.09a 
% Facultat. herbivores 13.48a 18.93a 14.08a 18.00a 3.26b 16.59a 13.14a 11.48a 
% Obligate herbivores 23.89ab 27.16ab 37.10a 28.55a 10.35b 38.51a 31.91a 32.15a 
% Total herbivores 37.37a 46.09a 51.18a 46.55a 13.61b 55.10a 45.05a 43.63a 
MI  1.62a 1.61a 1.79a 1.78a 1.91a 1.73a 1.72a 1.61a 
EI 72.60a 75.87a 65.23a 60.67a 68.93a 69.38a 70.86a 79.03a 
CI 6.88a 7.65a 9.51a 9.54a 9.23a 12.13a 8.45a 5.63a 
SI 0.00a 7.29a 18.33a 8.16a 41.06a 13.91a 18.37a 19.92a 
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Table 5.2 Effect of the different fertilizer regimes on nematode community indices on 
05/05/06, 09/10/06 and 08/05/07 (continued) 
 
Nematode index FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
09/10/06         
% Bacterivores 18.93a 23.16a 21.61a 18.33a 12.76a 19.95a 16.17a 17.97a 
% Dauerlarvae 40.86a 18.49b 14.41b 24.38b 58.95c 18.57b 17.83b 18.71b 
% Total bacterivores 59.79a 41.65b 36.02b 42.71b 71.71a 38.52b 34.00b 36.68b 
% Fungivores 3.75a 9.17ab 8.92ab 7.01a 3.42a 8.98ab 8.07ab 15.31b 
% Omnivores 1.92a 1.07a 0.94a 1.98a 1.02a 2.56a 1.55a 2.93a 
% Predators 0.91a 0.60a 0.61a 0.56a 1.34a 1.09a 1.82a 1.84a 
% Facultat. herbivores 6.13a 14.54b 11.47ab 9.46ab 4.58a 9.49ab 14.12ab 8.11ab 
% Obligate herbivores 27.54ab 33.00ab 42.03a 38.27a 17.94b 39.41a 40.44a 35.17a 
% Total herbivores 33.67a 47.54b 53.50b 47.73b 22.52a 48.90b 54.56b 43.28b 
MI  1.85a 1.94a 1.92a 1.90a 1.83a 2.09a 2.14a 2.07a 
EI 68.71a 64.29a 64.23a 64.61a 67.33a 57.63a 47.65a 61.79a 
CI 11.21a 21.35ab 21.98ab 20.63a 14.75a 29.02ab 41.46b 35.88ab 
SI 42.60a 21.94a 21.55a 35.68a 45.68a 42.60a 38.98a 42.09a 
08/05/07         
% Bacterivores 31.01ac 24.41abc 23.96abc 21.44abc 31.78a 13.42b 20.23bc 23.21abc 
% Dauerlarvae 31.14a 14.93b 9.87b 10.77b 31.06a 12.05b 10.16b 14.78b 
% Total bacterivores 62.15a 39.34b 33.83b 32.21b 62.84a 25.47b 30.39b 37.99b 
% Fungivores 2.37a 7.03ab 7.66ab 7.31ab 4.09ab 9.33b 6.46ab 10.97b 
% Omnivores 1.52a 1.94a 2.74a 1.67a 1.56a 4.06a 1.52a 2.74a 
% Predators 2.05a 1.51a 0.36a 2.88a 1.63a 2.27a 1.01a 2.26a 
% Facultat. herbivores 7.61a 13.61abc 15.81abc 16.72abc 13.09ab 17.43b 21.06c 11.53ab 
% Obligate herbivores 24.42ab 36.60a 39.66a 39.21a 16.75b 41.45a 39.59a 34.55a 
% Total herbivores 32.03ac 50.21b 55.47b 55.93b 29.84a 58.88b 60.65b 46.08bc 
MI  1.94a 2.08ab 2.07ab 2.21ab 1.92a 2.35b 2.12ab 2.14ab 
EI 64.47b 46.91a 49.10ab 45.34a 64.21b 53.52ab 48.93ab 49.42ab 
CI 5.69a 29.26ab 29.94ab 35.51ab 7.54a 41.22b 29.16ab 37.44ab 
SI 40.21a 33.67a 33.95a 46.40a 37.00a 59.14a 41.31a 40.40a 
1
 Different letters indicate a significant difference according to Tukey (p<0.05) 
 
In spring 2006 no differences were observed in the absolute number of 
fungivorous nematodes, except for the slightly higher numbers in the VFG 
plots. The relative abundance was similar for all treatments with a tendency 
for lowest values in the CSL plots, although the difference was not significant 
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(p<0.05). In the samplings of autumn 2006 and spring 2007, there was a 
trend in the abundance of fungivorous nematodes among the five organic 
amendments. In the compost amended plots (VFG and CMC) the absolute 
number as well as the relative abundance of fungivores trended higher 
compared to the FYM and CSL plots. None of these differences was 
however significant (p<0.05). In the unamended plots (MIN N and NF) the 
abundance of fungivorous nematodes was similar to the plots amended with 
compost. 
 
Table 5.3 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
09/10/06 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Bacterivores          
 Diploscapter coronatus 1 0 8 0 3 4 2 0 0 
 Metadiplogaster 1 17 0 0 9 0 0 0 0 
 Butlerius filicaudatus 1 22 12 28 8 24 4 0 5 
 Cuticularia 1 40 6 0 11 0 7 4 0 
 Rhabditidae 1 233 233 221 172 182 162 65 124 
 Dauerlarvae 1 1714 566 452 734 2509 590 432 352 
 Acrobeloides nanus 2 98 161 153 66 86 103 59 83 
 Eucephalobus oxyuroides 2 70 93 111 58 63 90 43 22 
 Eucephalobus striatus 2 192 89 57 111 121 132 117 52 
 Cephalobus 2 0 0 0 0 0 12 0 0 
 Heterocephalobus longicaudatus 2 23 61 65 48 23 34 51 33 
 Acrobelophis minimus 2 0 0 0 5 0 0 0 0 
 Plectus tenuis 2 99 46 43 61 40 67 53 19 
 Teratocephalus terrestris 3 0 0 0 0 0 21 0 0 
 
         
Total bacterivores  2508a1 1275b 1130b 1286b 3052a 1224b 824b 690b 
 
         
Fungivores          
 Aphelenchus avenae 2 64 92 44 50 27 44 57 210 
 Aphelenchoides bicaudatus 2 42 98 96 68 51 174 89 52 
 Aphelenchoides asterocaudatus 2 19 8 44 26 27 39 22 13 
 Ditylenchus 2 32 77 97 60 40 28 21 12 
 Filenchus 2 0 6 0 8 0 0 6 2 
 
         
Total fungivores  157a 281a 281a 212a 145a 285a 195a 287a 
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Table 5.3 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
09/10/06 (continued) 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Omnivores          
 Eudorylaimus centrocercus 4 80 18 25 51 44 48 38 45 
 Dorylaimoides limnophilus 4 0 14 4 9 0 21 0 10 
 Oxydirus oxycephaloides 5 0 0 0 0 0 12 0 0 
 
         
Total omnivores  80a 32a 29a 60a 44a 81a 38a 55a 
 
         
Predators          
 Clarkus 4 38 18 19 14 57 35 44 35 
 Coomansus parvus 4 0 0 0 3 0 0 0 0 
 
         
Total predators  38a 18a 19a 17a 57a 35a 44a 35a 
 
         
Herbivores          
 Tylenchus davainei 2 0 9 0 5 0 13 15 0 
 Basiria 2 8 13 0 8 0 0 0 0 
 Malenchus bryophilus 2 227 391 349 258 191 279 321 153 
 Aglenchus 2 23 31 11 13 4 9 6 0 
 Psilenchus hilarulus 2 5 6 0 0 0 0 4 0 
 Psilenchus terextremus 2 28 67 87 44 14 31 114 44 
 Paratylenchus nanus 2 200 100 215 112 109 225 155 212 
 Pratylenchus crenatus 3 420 434 460 539 397 523 367 228 
 Pratylenchus penetrans 3 115 68 87 48 36 101 44 54 
 Tylenchorhynchus  3 377 336 469 400 207 354 264 123 
 Meloidogyne naasi 3 0 0 0 7 0 14 33 0 
 Trichodorus 4 9 0 0 2 0 4 0 0 
 
         
Total herbivores  1412a 1455a 1678a 1436a 958a 1553a 1323a 814a 
 
         
Total  4195a 3061ab 3137ab 3011ab 4256a 3178ab 2424ab 1881b 
1
 Different letters indicate a significant difference per trophic group according to Tukey (p<0.05) 
 
The abundance of omnivorous and predator nematodes in the soil samples 
was low at all samplings and no trends or differences among treatments 
could be observed. In many soil samples, no omnivores or predators were 
found at all.  
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Table 5.4 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
08/05/07 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Bacterivores          
 Diploscapter coronatus 1 0 3 0 4 0 0 4 7 
 Metadiplogaster 1 0 0 0 0 0 0 0 5 
 Butlerius filicaudatus 1 19 0 7 0 5 0 0 0 
 Paroigolaimella 1 6 0 0 0 0 0 0 0 
 Cuticularia 1 18 0 13 0 6 4 6 0 
 Rhabditidae 1 178 93 70 61 213 62 75 49 
 Dauerlarvae 1 701 339 197 219 688 255 248 200 
 Acrobeloides nanus 2 101 153 73 73 70 41 148 54 
 Eucephalobus oxyuroides 2 30 78 42 38 44 29 20 26 
 Eucephalobus striatus 2 257 159 151 160 310 85 116 106 
 Heterocephalobus longicaudatus 2 56 13 67 41 22 21 13 33 
 Cervidellus serratus 2 0 10 0 0 0 0 0 0 
 Chiloplacus 2 0 0 0 0 0 0 0 3 
 Plectus tenuis 2 21 45 44 34 19 29 65 31 
 Teratocephalus terrestris 3 0 0 0 6 0 4 8 0 
 Prismatolaimus 3 12 0 11 19 15 9 39 0 
 
         
Total bacterivores  1399a1 893ab 675ab 655ab 1392a 539b 742ab 514b 
 
         
Fungivores          
 Aphelenchus avenae 2 25 80 34 54 42 35 66 87 
 Aphelenchoides bicaudatus 2 6 41 52 20 26 72 38 41 
 Aphelenchoides asterocaudatus 2 11 5 17 18 0 3 12 13 
 Ditylenchus 2 11 34 50 52 5 76 24 4 
 Filenchus 2 0 0 0 4 18 12 18 3 
 
         
Total fungivores  53a 160a 153a 148a 91a 198a 158a 148a 
 
         
Omnivores          
 Eudorylaimus centrocercus 4 25 30 31 25 29 39 19 10 
 Dorylaimoides limnophilus 4 2 9 9 5 0 17 0 8 
 Dorylaimoides 4 6 5 14 4 6 29 18 19 
 
         
Total omnivores  33a 44a 54a 34a 35a 85a 37a 37a 
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Table 5.4 Mean nematode abundance (100 ml-1 soil) of each identified taxon on 
08/05/07 (continued) 
 
Nematode cp FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
Predators          
 Clarkus 4 37 31 7 44 36 30 25 31 
 Mylonchulus 4 6 3 0 9 0 6 0 0 
 Anatonchus 4 3 0 0 6 0 12 0 0 
 
         
Total predators  46a 34a 7a 59a 36a 48a 25a 31a 
 
         
Herbivores          
 Tylenchus davainei 2 0 0 11 6 0 17 37 11 
 Basiria 2 10 0 16 7 23 21 0 0 
 Malenchus bryophilus 2 131 236 237 244 262 238 426 133 
 Aglenchus 2 30 73 51 84 5 93 51 12 
 Psilenchus hilarulus 2 3 0 0 3 0 0 0 3 
 Psilenchus terextremus 2 24 36 71 58 17 55 155 73 
 Paratylenchus nanus 2 88 56 113 27 58 163 75 142 
 Pratylenchus crenatus 3 237 458 339 394 201 333 408 128 
 Pratylenchus penetrans 3 7 18 42 23 7 24 6 15 
 Tylenchorhynchus  3 181 262 221 292 82 275 318 95 
 Rotylenchus robustus 3 0 0 0 0 0 0 0 8 
 Meloidogyne naasi 3 5 0 5 0 6 21 4 3 
 Heterodera 3 4 0 0 0 0 0 0 0 
 Trichodorus 4 0 0 0 0 0 6 0 0 
 
         
Total herbivores  720ab 1139ab 1106ab 1138ab 661a 1246ab 1480b 623a 
 
         
Total  2251a 2270a 1995a 2034a 2215a 2116a 2442a 1353b 
1
 Different letters indicate a significant difference per trophic group according to Tukey (p<0.05) 
 
In plots amended with VFG compost the absolute number of herbivores or 
plant-parasitic nematodes was significantly higher than in the NF- plots 
(p<0.05) for the sampling of spring 2006. In autumn 2006, no significant 
differences (p<0.05) could be observed among the treatments, while in 
spring 2007, the number of the plant-parasitic nematodes was significantly 
higher (p<0.05) in the MIN N plots than in the CSL and NF- plots. However, 
at all sampling dates, the absolute amount of plant-parasites tended to be 
slightly lower in the CSL plots, and in spring 2006 and 2007 this was also 
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true in the FYM plots (Tables 5.1, 5.3 and 5.4). The relative abundance of 
plant-parasitic nematodes followed the same trend, but here significant 
differences (p<0.05) were recorded (Table 5.2). In spring 2006, the relative 
abundance of all plant-parasitic nematodes was lower in the plots amended 
with CSL than in the other treatments. In autumn 2006 and spring 2007, this 
relative abundance was lower in both CSL and FYM plots. Almost all plant-
parasitic nematode species (facultative and obligate) were suppressed by 
the application of CSL (spring 2006 and 2007, and autumn 2006) and FYM 
(autumn 2006 and spring 2007). 
 
5.3.2 Nematode faunal indices 
There were no trends or differences among treatments in the samples taken 
in spring 2006 for the maturity index (MI) and the enrichment index (EI) 
(Table 5.2). For the samples taken in autumn 2006, again there were no 
significant differences in the MI and EI. However, a trend was observed: on 
plots where organic amendments were applied the MI was lower, while the 
EI was higher. Moreover, the lowest MI and highest EI were found in plots 
amended with FYM and CSL. In contrast to the two other samplings, in 
spring 2007 significant differences (p<0.05) were found in the MI and EI, with 
again the lowest MI and highest EI in the FYM and CSL plots. The MI and EI 
of the compost plots were similar to those of the unamended (MIN N and 
NF) plots, while in autumn 2006, the values of these indices were 
intermediate between the unamended and the FYM and CSL plots. 
Except for the sampling in spring 2006, significant differences in the channel  
index (CI) (p<0.05) were recorded. In general, in plots amended with 
compost, the CI was considerably higher compared to the FYM and CSL 
plots and lower than the unamended plots. 
The structure index (SI) was highly variable in all plots at all sampling 
moments due to the variable abundance and sometimes even absence of 
the structure-indicator (cp 3-5) nematodes. 
Chapter 5 
 100 
5.3.3 PLFAs 
The total amount of PLFAs is an indicator of the mass of microbial cell 
membranes and hence a measure of the total microbial biomass (White et 
al., 1979; Bossio and Scow, 1998). At all samplings, in the fertilized plots the 
total amount of PLFAs was clearly higher than in the unfertilized plots (NF), 
but differences were only significant in spring 2006 and 2007 (p<0.05) (Table 
5.5). There was no trend in the ratios of PLFA markers of bacterial and 
fungal biomass for the various treatments in spring 2006. However, in 
autumn 2006 and spring 2007, the bacteria to fungi ratio of the CSL and to a 
lesser extent of the FYM plots tended to be higher compared to the compost 
(VFG and CMC) and the unamended plots (MIN N and NF). None of these 
differences was significant (p<0.05).  
 
Table 5.5 Total amount of PLFAs, amount of bacterial and fungal PLFAs (in ng g-1 
soil) and their ratio with standard deviations, sampled on 25/04/06, 29/11/06 and 
05/05/07 
 
  FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
25/04/06 Total amount of 
PLFAs 
9487 
±1512a1 
6700 
±847bc 
6169 
±657bc 
6077 
±639bc 
8081 
±701ac 
5888 
±929bc 
5541 
±732b 
4530 
±585b 
 Bacterial 
marker PLFAs 
2035 
±686a 
1242 
±104ab 
1246 
±52ab 
1253 
±207ab 
1463 
±213ab 
1104 
±109b 
1135 
±211b 
976 
±23b 
 Fungal marker 
PLFA 
691 
±112a 
472 
±54b 
408 
±48bc 
414 
±36bc 
486 
±61b 
382 
±15bc 
339 
±30c 
204 
±22d 
 Bacteria/fungi 
ratio 
2.97 
±0.16ab 
2.64 
±0.18a 
3.09 
±0.55ab 
3.05 
±0.34ab 
3.06 
±0.48ab 
2.91 
±0.44ab 
3.39 
±0.73ab 
4.76 
±0.39b 
  
        
29/11/06 Total amount of 
PLFAs 
8599 
±1214a 
7631 
±674a 
8304 
±1063a 
7697 
±1366a 
7558 
±292a 
7515 
±1426a 
6733 
±763a 
5859 
±1270a 
 Bacterial 
marker PLFAs 
1972 
±242a 
1659 
±215abc 
1748 
±222ab 
1594 
±197abc 
1694 
±171abc 
1503 
±179b 
1434 
±138b 
1292 
±107c 
 Fungal marker 
PLFA 
641 
±185a 
608 
±92a 
873 
±193a 
730 
±317a 
511 
±130a 
774 
±216a 
676 
±90a 
573 
±247a 
 Bacteria/fungi 
ratio 
3.13 
±0.57a 
2.79 
±0.59a 
2.10 
±0.39a 
2.86 
±0.44a 
3.49 
±0.32a 
2.18 
±0.84a 
2.16 
±0.23a 
2.53 
±1.17a 
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Table 5.5 Total amount of PLFAs, amount of bacterial and fungal PLFAs (in ng g-1 
soil) and their ratio with standard deviations, sampled on 25/04/06, 29/11/06 and 
05/05/07 (continued) 
 
  FYM VFG CMC1 CMC2 CSL MIN N NF+ NF- 
05/05/07 Total amount of 
PLFAs 
7988 
±965ab 
8644 
±781a 
7700 
±1221ab 
7779 
±798ab 
8940 
±669a 
6568 
±473b 
7129 
±319ab 
6169 
±157b 
 Bacterial 
marker PLFAs 
2154 
±119ab 
2408 
±364bc 
1959 
±380ab 
2115 
±127ab 
2565 
±174b 
1786 
±179ac 
1958 
±188ac 
1732 
±79a 
 Fungal marker 
PLFA 
231 
±28a 
280 
±30a 
248 
±57a 
238 
±52a 
218 
±27a 
206 
±42a 
274 
±36a 
179 
±22a 
 Bacteria/fungi 
ratio 
9.41 
±1.04a 
8.73 
±2.17a 
8.02 
±1.28a 
9.15 
±1.95a 
11.13 
±1.36a 
8.99 
±2.49a 
7.29 
±1.52a 
9.77 
±1.46a 
1
 Different letters indicate a significant difference per sampling date according to Tukey (p<0.05) 
 
5.4 Discussion and conclusions 
Both the presence of a crop and the application of organic amendments and 
mineral fertilizer affected the nematode populations not only in composition 
but also in abundance. The absence of a crop on the NF- plots and hence 
absence of organic matter input or root exudation resulted in a smaller 
microbial population (Table 4.2, Chapter 4) and less bacterial- and fungal-
feeding nematodes. Furthermore, in the absence of a crop, there is a greater 
variability in (surface) soil temperature and moisture regimes (Balesdent et 
al., 1988) which are likely to affect the nematode population adversely on 
these plots. This assumption was supported by the low nematode 
abundance in spring 2007: the lowest abundance was again found in the 
NF- plots, but all other plots, amended or not, had rather low nematode 
numbers. This was undoubtedly due to the extremely dry (no rain in 30 days) 
and warm month of April (see Chapter 2), during which the field was not 
covered or protected by a crop. Since nematodes require a water film around 
soil particles in which they move, feed and reproduce (Bardgett, 2005), this 
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extreme drought will have logically affected the nematode population 
adversely. 
The higher nematode abundance in the MIN N plots than in the NF+ plots in 
spring and autumn 2006, which in autumn 2006 was comparable to the plots 
amended with compost, is probably the result of an indirect effect of the 
mineral fertilization. Following fertilization, the crop performance on the MIN 
N plots was superior to that on the NF+ plots (see Chapter 3), resulting in a 
higher crop and root biomass and a better supply of labile organic materials 
in the rhizosphere through root exudation. The consequent increase in 
microbial biomass provides resources for bacterivore and fungivore 
nematodes. These assumptions regarding the microbial communities were 
supported by the total amount of PLFAs (Table 5.5), which is believed to be 
a good measure of microbial biomass (White et al., 1979; Bossio and Scow, 
1998) (see also Chapter 4). 
No trend could be observed in the total number of nematodes among the 
five organic amendments, except for the clearly higher nematode abundance 
on the CSL plots in spring and autumn 2006 and, only in autumn 2006, on 
the FYM plots. This was undoubtedly due to the very high number of 
dauerlarvae in these soil samples. Despite the similar nematode abundance 
in all fertilized plots in spring 2007, the amount of dauerlarvae was also 
considerably higher in the FYM and CSL plots. Dauerlarvae are considered 
inactive stages of the enrichment opportunists (families Rhabditidae, 
Panagrolaimidae and Diplogasteridae). These bacterivorous nematodes are 
classified as cp-1 organisms in the cp scale of Bongers (1990) and 
characterized by short generation time, small eggs and high fecundity. They 
feed continuously in enriched media and are able to enlarge their population 
immediately following the enrichment of the environment, but survive periods 
of resource limitation in a metabolically-reduced dauerlarva alternative life 
stage (Ferris et al., 2001; Ferris and Matute, 2003).  
The dauerlarvae of enrichment opportunists are excluded from the 
calculation of the MI (Bongers and Bongers, 1998) and of the EI and CI 
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(Ferris, 2008) as their presence does not provide information about the 
present functioning of the soil food web. An abundance of dauerlarvae 
indicates a system that has been enriched in the (recent) past and has now 
declined to a less enriched phase. The ratio of dauerlarvae to active stages 
of rhabditids, as an indicator of resource availability, was introduced and 
tested by Sohlenius (1969, 1973) and comparisons of that ratio over time 
may provide insights into the resource dynamics of the system. However, a 
difficulty with such an approach would be the problem of identifying 
dauerlarvae of different nematode taxa, since animal parasites such as 
mermithids and entomopathogenic nematodes also have dauerlarvae. 
Dauerlarvae of e.g. entomopathogenic nematodes often are found in soil but 
are not indicators of food web enrichment. 
Soils fertilized with organic amendments have a higher EI and a lower MI 
compared to unfertilized or minerally fertilized soils (Neher and Olson, 1999; 
Ferris et al., 2001; Berkelmans et al., 2003) due to an increased abundance 
of enrichment opportunists. In spring 2006, we observed no such trend of a 
higher EI and lower MI on plots with organic amendments. Furthermore, the 
differences in absolute and relative abundance of the various trophic groups 
of the free living nematodes and the calculated indices (MI, EI and CI) were 
very small. This was possibly due to the fact that only two OM applications 
had been carried out and particularly because the most recent application 
(06/10/05) was seven months before the sampling (05/05/06). In contrast, in 
autumn 2006 and spring 2007 there were clear trends and differences, 
although not always significant, in the abundance of trophic groups and the 
calculated indices. In autumn 2006, the nematode sampling was carried out 
only one month after the application of the amendments (07/09/06 vs. 
09/10/06) and in spring 2007, this was less than one week (02/05/07 vs. 
08/05/07). The resulting bloom of the enrichment opportunists (cp-1), 
accompanied and followed by those of the general opportunists (cp-2) was 
noticeable at both sampling dates. The trend of a higher EI and lower MI on 
organically amended plots was observed in the data of autumn 2006. In 
Chapter 5 
 104 
spring 2007, this trend was less clear for the compost plots, having similar 
values for the MI and EI as the unamended plots. However, for both 
samplings the MI and EI of the FYM and CSL plots, were, respectively, lower 
and higher compared to the three compost treatments (Table 5.2). In 
general, in plots amended with FYM and CSL, the abundance of 
bacterivorous nematodes and dauerlarvae as their inactive stages was 
higher than in the other treatments (Tables 5.3 and 5.4). Numbers of 
bacterivorous nematodes tend to increase after applications of organic 
amendments to soil since bacterial populations are greater after application 
of organic amendments (Ferris et al., 1996; McSorley et al., 1998; Bongers 
and Ferris, 1999). Application of organic matter to the soil is also expected to 
increase the fungal population and hence the amount of fungivorous 
nematodes. However, this will mostly be the case (1) when, following 
bacterial decomposition, the remaining organic matter is more recalcitrant, 
(2) when organic amendments that are less easily decomposed are added to 
the soil, or (3) when soil conditions are not favorable for bacteria mediated 
decomposition, e.g. low pH or lower nutrient concentrations (Chen and 
Ferris, 2000). While the absolute amount and relative abundance of bacteria-
feeding nematodes was in autumn 2006 and spring 2007 the highest in the 
FYM and CSL plots, the abundance of fungivorous nematodes (absolute and 
relative) tended to be higher in the compost plots (not significant, p<0.05) 
(Tables 5.2, 5.3 and 5.4).  
These results were also supported by the values of the CI, which provides 
an indication of the relative flow of substrate along bacterial and fungal 
decomposition pathways (Ferris et al., 2001; Ruess and Ferris, 2002). The 
higher the value of the CI, the higher the proportional flow along the fungal 
decomposition pathway. Plots amended with FYM and CSL had a lower CI 
(Table 5.2), indicating a predominant bacterial decomposition pathway, while 
the CI was higher for the compost treatments, suggesting a higher proportion 
of fungal decomposition. Although the differences in CI among the five 
organic matter treatments were not significant (p<0.05), the observed trends 
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can probably be linked with the quality or decomposability of the applied 
amendments. The composts with a usually higher C/N ratio contain more 
recalcitrant compounds, remaining after the composting process over 
several months, which are mainly decomposed by fungi, while readily 
decomposable compounds such as organic acids and carbohydrates 
present in manure and slurry with a lower C/N ratio are preferentially utilised 
by soil bacteria (Marschner et al., 2003). In this study, relatively fresh 
farmyard manure and cattle slurry that had not been subjected to 
composting, were used. In the unamended plots, with no input of fresh 
exogenous organic matter and hence more recalcitrant remaining organic 
matter, the higher CI also suggested a more fungi dominated decomposition 
pathway. This assumption was strongly supported by the results of the PLFA 
analysis. In autumn 2006 and spring 2007, the bacteria/fungi ratio was, 
although not significantly (p<0.05), higher in the FYM and CSL plots 
compared to the compost and unamended plots, as already described in 
Chapter 4. Furthermore, a significant (p<0.01) correlation was found (r=0.85) 
between the bacteria/fungi ratio and the bacterial/fungal feeding nematode 
ratio (results not shown) for the data of autumn 2006. This correlation 
(r=0.69) was not significant (p=0.06) for the data of spring 2007, but still 
indicates a strong link between the microbial population and the nematode 
community, feeding on these microbes. 
As for the microbial community structure, it can be questioned whether the 
observed changes in the nematode population are due to the nematodes 
living and reproducing in the organic amendments added to the soil, rather 
than that the soil inhabiting nematodes were affected by the amendments. 
While we assume that this will certainly have partly influenced the results, 
presented above, we suppose that this effect shouldn’t be overestimated. 
We rely for this on the analysis of the nematodes present in the organic 
amendments (data not shown), which were determined in two of the four OM 
applications. The results of these analyses were very variable. For instance, 
in 100 ml farmyard manure, 280 nematodes were found at one analysis, 
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while this was 3410 in the other. For the farm composts, similar results were 
found (e.g. for CMC2 3464 nematodes 100 ml-1 at the first analysis and only 
103 at the second). Moreover, the amount of bacterivorous nematodes 
present in the farm composts, was at both analyses comparable to the 
amount of fungivores. For the VFG composts the analyses were even more 
striking, since for both analyses not one living nematode was found in this 
type of compost. This may be due to the high temperatures (70°C and more, 
see Chapter 2) reached during the VFG composting process. Based on 
these data, we think we can argue that the nematodes present in the organic 
amendments were not the main factor influencing the (changes in the) soil 
nematode population. 
The SI is primarily determined by omnivorous and predatory nematode 
populations, which are sensitive to disturbance and need much more time to 
establish than the more rapidly growing fungivorous and bacterivorous 
nematodes (Ferris et al., 2001). At all sampling periods, the presence of 
omnivores and predators was infrequent and variable, resulting in low and 
highly variable SI values. The SI values of disturbed arable agricultural 
systems, are characteristically low due to repeated tillage and other soil 
disturbances (Ferris et al., 2001; Berkelmans et al., 2003; Ferris and Matute, 
2003). In our field experiment all plots were tilled and hence disturbed with 
the same frequency (once or twice a year) and in the same way, whether 
they were fertilized or amended or not. After each crop, the plots were tilled 
to prepare the application of the amendments and mineral fertilizer, and 
afterwards a rotary tiller was used on all plots to incorporate the applied 
amendments (see Chapter 2). These practices probably resulted in the low 
and variable SI. 
Finally the clear impact of CSL, and to a lesser degree of FYM, on the 
absolute and relative abundance of plant-parasitic nematodes is remarkable. 
Moreover, the impact of both organic amendments was not constrained to 
one or a few herbivore genera, since all plant-parasitic nematode genera 
(facultative and obligate) were less abundant on these plots. Miller et al. 
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(1973) stated that the availability of more nitrogen, due to a lower C/N ratio 
of the organic amendment, enhances the ability of the amendment to control 
parasitic nematodes. Mian and Rodriguez-Kabana (1982) also reported that 
the parasitic nematode management potential of an organic soil amendment 
is positively related to the N content or inversely to the C/N ratio. Although 
the cattle slurry had the lowest C/N ratio of all organic amendments (Table 
2.2), this can not explain the negative impact of the CSL on the plant-
parasitic nematodes. As described earlier (Chapter 2), we corrected for the 
different amount of plant available N of the various organic amendments by 
applying extra mineral N (ammonium nitrate). So, the total amount of 
available ammonia and nitrate during the growing season should have been 
almost equal. This was supported by similar crop performance and yield in 
all plots (see Chapter 3). The effects of organic amendments on the 
population dynamics of plant-parasitic nematodes have been investigated 
many times before, but the results are not at all unequivocal (Leroy et al., 
2007a). In contrast to our results, Forge et al. (2005) e.g. reported increased 
population densities of P. penetrans due to the sustained use of dairy 
manure slurry, but noted that their results contrasted with many previous 
studies. Akhtar and Malik (2000) concluded that disease control in amended 
soils is probably not the result of one specific factor, but of several factors, 
e.g. changes in soil properties, increase in predators and parasitic micro-
organisms, nutrients or toxic metabolites released from the organic 
amendments, etc. However, several plant-parasitic species mentioned in 
Tables 5.1, 5.3 and 5.4, e.g. the Tylenchidae as facultative plant feeders, are 
not considered very important plant-parasitic nematodes (Decraemer and 
Hunt, 2006). Moreover, the number of some important (obligate) plant-
parasitic species in this experiment e.g. Trichodorus, Rotylenchus and 
Meloidogyne is rather low. Further analyses will be necessary to determine 
whether effects of organic amendments on the herbivores will disappear or 
become more pronounced. 
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We can conclude that the different fertilizer regimes influenced the nematode 
fauna and that the indices proposed by Ferris et al. (2001) can be used to 
adequately monitor these fertilizer induced changes. However, based on the 
different results in spring 2006 on the one hand and autumn 2006 and spring 
2007 on the other we hypothesize that the nematode population needs time 
to adapt to the specific treatments and hence that more samplings may be 
necessary to assess the long-term impacts of exogenous organic matter. 
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Chapter 6 
Earthworm population dynamics as influenced by 
the quality of exogenous organic matter 
6.1 Introduction 
It is well known that earthworms play a major role in soil ecosystem 
functioning, most notably by influencing nutrient cycling processes in 
terrestrial ecosystems (Lee, 1985; Blair et al., 1995; Edwards and Bohlen, 
1996). Since there is a resurgence in interest in using organic fertilizers 
rather than inorganic fertilizers to supply nutrients for crop production, 
management of earthworm populations is becoming more important for 
sustaining soil productivity and fertility in agro-ecosystems (Whalen et al., 
1998). It is widely believed that all organic fertilizers support higher 
earthworm populations by providing a nutrient-rich food resource (Bohlen et 
al., 1995; Whalen et al., 1998). Inorganic fertilizers may also contribute 
indirectly to an increase in earthworm populations by increasing the quantity 
of crop residues returned to the soil (Edwards et al., 1995).  
The influence of conventional fertilizers, such as farmyard manure and 
slurry, on population dynamics of earthworm communities in agro-
ecosystems is well documented (Lee, 1985; Edwards and Bohlen, 1996). A 
number of studies have examined the long-term impact of organic and 
inorganic fertilizer applications on earthworm populations. For example, 
Tiwari (1993) found that earthworm biomass in ploughed fallow plots of a 
former pineapple orchard in India was three times greater in plots receiving 
manure than in inorganically fertilized plots, while a combination of manure 
and inorganic fertilizer supported the greatest earthworm biomass. On a 
continuously-cropped, North American corn agro-ecosystem receiving 
fertilizers for six years, Whalen et al. (1998) recorded a significantly greater 
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earthworm number and biomass in manure-amended plots compared to 
inorganic fertilizer-treated plots. 
In contrast, there has been little research comparing the effects of various 
kinds or qualities of organic amendments (e.g. manure, slurry, biosolids, 
composts) on earthworm populations in agro-ecosystems (Bünemann et al., 
2006). Yet, it is known that different organic materials, including 
uncomposted and composted green wastes and manures, affect soil-
dwelling invertebrate pests such as nematodes differently (Litterick et al., 
2004).  Therefore, we conducted a field plot experiment to assess if eight 
different fertilizer regimes, five of which were organic amendments used in 
Belgian agriculture, would cause changes in the earthworm population size 
and composition. We focused on the question whether organic fertilizers with 
a different composition, and hence quality, influenced earthworm populations 
differently.  
 
6.2 Materials and Methods 
6.2.1 Earthworm sampling and analysis 
Earthworms were sampled five times during the experimental period using a 
mustard powder suspension, following Gunn (1992) and Lawrence and 
Bowers (2002), and subsequent handsorting. Due to heavy rains (Table 2.4) 
and resultant unfavourable soil conditions in the weeks before the start of 
the experiment, the first sampling in 2005 could only be accomplished six 
weeks after the start of the experiment (31/05/05 vs. 21/04/05) and it was 
restricted to the unfertilized plots (NF+ and NF-). The results of this sampling 
were considered representative of the initial situation because the field had a 
uniform management history (see Chapter 2) and the eight plots assessed 
were randomized in the field. The other samplings were carried out in spring 
and autumn of 2006 and 2007, since in temperate regions earthworms are 
most active during spring and autumn when temperatures are moderate and 
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soil moisture levels adequate (Bohlen et al., 1995): sampling two on May 16-
17, 2006, sampling three on October 2-3, 2006, sampling four on June 4-5, 
2007 and sampling five on September 24-25, 2007. 
The day before each sampling, 6 g of mustard powder was mixed with 15 ml 
of water to produce a paste; immediately before sampling, this mustard 
paste was mixed with 0.8 l of water. A metal frame (20 cm x 20 cm) was 
placed on the soil and all surface plant litter within the frame removed. The 
mustard solution was then poured evenly across the frame. After 10 min, 
while collecting the emerging earthworms, this treatment was repeated. After 
another 10 min, the soil in the same quadrant was excavated to a depth of 
20 cm, using another metal frame, spread on a white plastic sheet and 
handsorted to recover remaining earthworms. Two samples were taken per 
replicate plot.  
All earthworms were taken to the lab and washed. They were transferred 
into a 4% formalin solution and the total weight of the preserved earthworms 
(with gut content) per sample was recorded. Finally, the earthworms were 
stored until species identification of the adults. 
 
6.2.2 Statistical analysis 
All data were subjected to analysis of variance (ANOVA) test using S-Plus 
software and significant differences between means were determined by 
Tukey’s test. 
 
6.3 Results 
6.3.1 Earthworms 
In all organically amended plots, the earthworm number and biomass were 
significantly higher (p<0.05) than in the unamended plots for the sampling of 
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spring 2006 (16-17/05/06), being on average at least twice as high 
compared to the initial situation (Figure 6.1).  
 
 
Figure 6.1 Earthworm number, subdivided in adult species and juveniles, and total 
biomass with standard deviations, and the initial situation on 31/05/05 (full line = 
number; dotted line = biomass), sampled on 16-17/05/06. Different letters indicate 
significant differences per parameter according to Tukey (p<0.05) 
 
However, no clear differences in the earthworm abundance among the five 
organic amendments could be observed, except for the slightly higher 
earthworm biomass in the FYM plots. The unfertilized plots (NF+ and NF-) 
had a significantly lower earthworm number and biomass (p<0.05) than the 
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amended plots, but did not differ significantly from each other. The mineral 
fertilization (MIN N) had an intermediate effect.  
 
 
Figure 6.2 Earthworm number, subdivided in adult species and juveniles, and total 
biomass with standard deviations, and the initial situation on 31/05/05 (full line = 
number; dotted line = biomass), sampled on 2-3/10/06. Different letters indicate 
significant differences per parameter according to Tukey (p<0.05) 
 
From the sampling in autumn 2006 onwards, a clear trend in the earthworm 
number in the plots receiving organic amendments was recorded (Figures 
6.2, 6.3 and 6.4). The FYM and CSL plots exceeded on all sampling 
occasions the compost and unamended plots in earthworm number, 
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reaching densities of 800 individuals m-2. At all sampling dates these 
differences were significant (p<0.05).  
 
 
Figure 6.3 Earthworm number, subdivided in adult species and juveniles, and total 
biomass with standard deviations, and the initial situation on 31/05/05 (full line = 
number; dotted line = biomass), sampled on 4-5/06/07. Different letters indicate 
significant differences per parameter according to Tukey (p<0.05) 
 
Among the three compost treatments (VFG, CMC1 and CMC2), with an 
average of 400-500 individuals m-2, no significant differences were observed. 
In these compost plots, the earthworm number trended higher compared to 
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the unamended plots, but this was only significant for the VFG plots on 2-
3/10/06 and 4-5/06/07.  
 
 
Figure 6.4 Earthworm number, subdivided in adult species and juveniles, and total 
biomass with standard deviations, and the initial situation on 31/05/05 (full line = 
number; dotted line = biomass), sampled on 24-25/09/07. Different letters indicate 
significant differences per parameter according to Tukey (p<0.05) 
 
The differences in earthworm number among the three unamended plots 
(MIN N, NF+ and NF-), which could be observed in spring 2006 (Figure 6.1), 
seemed to disappear at the following sampling dates, except for the 
sampling in spring 2007 (Figure 6.3). The relatively high earthworm number 
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in the unamended plots at the last sampling (Figure 6.4) was surprising, with 
values reaching 300-350 individuals m-2, twice as high as the initial situation. 
Except from these higher earthworm numbers, Figure 6.5 shows that since 
the sampling in autumn 2006, the earthworm numbers remained relatively 
constant in all plots. The eight treatments can be clearly divided in three 
groups: FYM and CSL plots, compost plots and unamended plots. 
For the earthworm biomass it took until spring 2007 to cluster the fertilizer 
regimes in the same way as for the earthworm number (Figure 6.6). The 
differences were, however, less pronounced and the earthworm biomass 
showed a higher variability per treatment compared to the earthworm 
number. In autumn 2006 (Figure 6.1), only the FYM plots differed 
significantly (p<0.05) from the other treatments, although the earthworm 
biomass tended to be higher in the organically amended plots compared to 
the unamended plots. While at this sampling the earthworm number was the 
highest in the CSL plots (p<0.05), the earthworm biomass in these plots was 
not the highest and did not differ significantly from the other treatments 
(p<0.05). In spring 2007, the FYM and CSL plots had a significantly (p<0.05) 
higher earthworm biomass than the other treatments, as was true for the 
earthworm number (Figure 6.3). In the MIN N plots the biomass was 
comparable to the compost plots, while the two unfertilized plots had the 
lowest biomass. None of these differences was, however, significant 
(p<0.05). In autumn 2007, the highest biomass was again recorded on the 
FYM and CSL plots, but this was not significantly different from the compost 
plots (p<0.05). At the same sampling, a similar rise in the earthworm 
biomass as was seen for the earthworm number in the unfertilized plots 
could be observed (Figure 6.4), with values only slightly lower than in the 
compost plots. 
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Figure 6.5 Dynamics of the earthworm number m-2 since the start of the experiment 
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Figure 6.6 Dynamics of the earthworm biomass (g m-2) since the start of the 
experiment 
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In the samples taken in spring 2006, the amount of juveniles varied between 
63 and 82% of the total earthworm number, while for the later samplings 70 
to 94% of the earthworms sampled were juveniles. The earthworm species 
found were Lumbricus terrestris as (epi-)anecic species (i.e. relatively large 
worms, living in deep, vertical burrows from which they collect OM from the 
soil surface at night), Lumbricus castaneus and Lumbricus rubellus as 
epigeic species (species living superficially in the litter layer, with little 
burrowing activity) and Aporrectodea caliginosa, Allolobophora chlorotica, 
Allolobophora icterica and Allolobophora rosea as endogeic species (living in 
horizontal, non permanent burrows up to 30 cm deep) (Figures 6.1 to 6.4). 
The relative distribution of these earthworm species among the sampling 
dates and the treatments did not show clear differences or trends, with L. 
rubellus, A. caliginosa and A. chlorotica being the most abundant species. 
 
6.3.2 Extraction method 
Table 6.1 summarizes the contribution of both extraction methods used, as a 
percentage of the total earthworm abundance, averaged over all treatments. 
Handsorting recovered the major part of the earthworm number (59-88% of 
total) and biomass (60-82%). 
 
Table 6.1. Comparison of the contribution of both extraction techniques used 
(mustard solution and handsorting) per sampling date as a percentage of the total 
earthworm number and biomass, averaged over all treatments 
 
  
Number 
(% of total) 
Mass 
(% of total) 
  
Mustard Handsorting Mustard Handsorting 
16-17/05/06 17.0 83.0 18.3 81.7 
2-3/10/06 32.6 67.4 26.5 73.5 
4-5/06/07 12.1 87.9 31.0 69.0 
Sampling 
date 
24-25/09/07 40.9 59.1 39.7 60.3 
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6.4 Discussion and conclusions 
The increase in earthworm abundance in the plots receiving organic 
amendments can be linked with the higher organic C content of these plots 
(Table 3.3, Chapter 3). Addition of organic matter is believed to be one of the 
major management variables affecting earthworm populations. By providing 
food sources and increasing the overall levels of soil organic matter, organic 
amendments usually increase earthworm populations (Bohlen et al., 1995). 
This increase as a response to organic amendments can be particularly 
pronounced in disturbed habitats of low organic matter content (Lowe and 
Butt, 2002; Curry, 2004), as was true for this experimental field which had 
been under monoculture maize receiving only mineral fertilizers for eight 
years. Since life cycles of temperate (British) earthworms, including the 
incubation time of cocoons and the growth period of worms till sexual 
maturity, take on average between 38 and 75 weeks (e.g. L. castaneus: 38; 
A. chlorotica: 45; L. rubellus: 53; A. rosea: 73; A. caliginosa: 75) (Evans and 
Guild, 1948), the increase in earthworm abundance can probably be fully 
attributed to increased reproduction. 
Our experiment provides convincing evidence that compost amendments, 
incorporated into the soil to 20 cm, can enhance earthworm population size 
significantly. Few comparable data on compost effects on earthworms are 
available from other agro-ecosystems, but Thomson and Hoffmann (2007) 
recently reported increased earthworm populations (exotic Lumbricidae) 
under plots surface-mulched with compost made of domestic prunings for 
two growing seasons compared to bare plots in an Australian vineyard. 
The organic matter that provides the food base for the earthworm community 
is vitally important in determining their distribution and abundance (Edwards 
and Bohlen, 1996). For instance, Hendrix et al. (1992) reported a significant 
correlation between earthworm populations and soil organic carbon content 
over a range of sites in Georgia, USA. However, from the results of the 
present research, we can assume that other factors than solely the soil 
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organic C content influence the earthworm abundance. Although the final 
organic C content of all organically amended plots was statistically similar, 
ranging from 1.09% in the CSL plots to 1.19% in the VFG plots (Table 3.3, 
Chapter 3), clear and significant differences in earthworm abundance 
(number and biomass) were observed, with the highest abundances found in 
the FYM and CSL plots (Figures 6.5 and 6.6). We hypothesize that this 
seemingly contradicting result of a disconnection between the soil OC 
content on the one hand and the earthworm abundance on the other can be 
explained by the chemical properties of the organic amendments used.  
The chief biochemical process of composting is humification, which is 
defined as the prolonged stabilization of organic substances against 
biodegradation. Composts are thus chemically stabilized and biologically 
matured amendments (Senesi and Plaza, 2007). As a result of extended 
microbial degradation, composts have lower total and water-soluble organic 
C contents, higher relative contents of humic acid like substances and a 
higher degree of polycondensation and polymerization than their raw starting 
materials. Animal manures, by contrast, are rich in incompletely humified 
materials including polysaccharides and S- and N-containing groups, most 
notably proteinaceous materials (Senesi and Plaza, 2007). These chemical 
differences between organic amendments also translate into different 
chemical characteristics of the organic matter in soil treated with these 
materials. For example, a recent Canadian study reported significantly 
higher humification indices (ratio of organic C content in unhumified fraction 
to fulvic and humic acids) and higher amino sugar contents (especially 
glucosamine) in two soil aggregate size fractions (0.25–2 mm and >2 mm) of 
loam soil treated for 3 years with fresh paper mill sludge (40 ton ha-1 yr-1) 
compared to soil amended with the same but composted sludge (Bipfubusa 
et al., 2008). In our study, four applications of relatively fresh farmyard 
manure or cattle slurry that had not been subjected to composting, resulted 
in much larger earthworm population increases than in the plots amended 
with any of the three composts (Figures 6.5 and 6.6). We hypothesize that 
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the nutritional value for earthworms of both the cattle slurry and farmyard 
manure, and hence also of the SOM in plots treated with these raw 
materials, were higher than that of the composts and the soil OM in the 
compost plots, in which the applied organic matter was more decomposed 
and stabilized, due to the aerobic composting for several weeks or months. 
Our interpretation of field population data concurs with current ecological 
theory that has revised the traditional understanding of the trophic ecology of 
earthworms (Curry and Schmidt, 2007). Experimental evidence suggests 
firstly, that (endogeic) earthworms are limited by available C in soil, 
irrespective of the total C content of soil (Tiunov and Scheu, 2004) and 
secondly, that earthworms do not depend on micro-organisms as a food 
source but consume organic matter directly (Salamon et al., 2006). Since the 
same amounts of organic C were added in our organic treatments, it is 
plausible that higher amounts of nutritionally available C in the uncomposted 
organic treatments supported larger earthworm populations. It is also likely 
that worm populations were not related to microbial biomass, which can 
sometimes be elevated in soils treated with composts. One example is the 
study by Canali et al. (2004) in which an orchard soil receiving poultry 
manure for 6 years had a smaller microbial biomass and lower microbially 
mineralizable C content than the same soil amended with composted 
manure. However, in the present experiment soil microbial biomass was not 
signifcantly different among the five organic treatments (Chapter 4), 
suggesting that availability of organic matter, and not microbes, determined 
the population size of lumbricids. 
From the third earthworm sampling onwards (autumn 2006), earthworm 
abundance remained fairly stable, but the biomass continued to increase in 
response to repeated organic matter application. This pattern is similar to 
Irish data (Schmidt and Curry, 2001) which suggested that earthworm 
populations stabilize only 2-3 years after regular organic matter inputs to 
cultivated soil commenced. It would, however, be necessary to continue 
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monitoring earthworm abundance longer to establish whether the treatment 
differences would become more pronounced. 
Based on the sampling in spring 2006, preliminary results suggested that the 
mineral fertilization and the presence or absence of a crop also influenced 
the earthworm abundance, since differences (although not significant, 
p<0.05) in earthworm biomass and number were recorded between the MIN 
N, NF+ and NF- plots (Figure 6.1). These differences seemed to disappear 
in the next samplings, except in spring 2007, when the earthworm number 
and biomass in the MIN N plots tended to be again slightly higher than in the 
unfertilized plots. This is possibly due to a better crop performance on the 
minerally fertilized plots compared to the NF+ plots (Chapter 3), and hence a 
higher root and crop biomass. This higher biomass results in a higher 
amount of above and below ground crop litter, which is an important source 
of organic matter on which earthworms feed (Curry, 2004). Generally, the 
effects of the application of moderate levels of mineral fertilizers on 
earthworm abundance are considered positive in the literature, reflecting 
increased litter quality and quantity (Boström, 1988; Muldowney et al., 2003). 
Again, future sampling would be required to establish if this effect of mineral 
fertilization on earthworm abundance would persist in the long term. 
Table 6.1 shows that mustard suspension and handsorting, combined in one 
extraction method, were both responsible for the extraction of a large 
proportion of the total number of earthworms. Although the use of the 
mustard powder yielded a smaller proportion of the earthworm number and 
biomass than handsorting, in our opinion this part is not negligible. Using 
either the handsorting or the mustard powder alone would also have led to 
an incorrect assessment of the species composition, since most of the 
anecic earthworms were expelled by mustard, while almost all endogeic 
species were recovered by subsequent handsorting (data not shown). These 
results confirm that a combination of active and passive extraction 
techniques is necessary to assess earthworm communities adequately 
(Baker and Lee, 1993). 
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Chapter 7 
Short-term influences on soil physical properties 
and soil organic matter fractions 
7.1 Introduction 
The addition of organic matter (OM) to soil has been shown to improve 
aggregation, water-holding capacity, hydraulic conductivity, bulk density, the 
degree of compaction and resistance to water and wind erosion (Zebarth et 
al., 1999; Edwards et al., 2000; Franzluebbers, 2002; Celik et al., 2004). 
Generally, crop residues, manures, turf and compost from organic wastes 
have been used to increase soil organic matter (SOM) content, which may 
affect crop growth and yield either directly by supplying nutrients or indirectly 
by modifying soil physical properties, thus improving the root environment, 
which stimulates root growth and eventually increase biomass production 
(Darwish et al., 1995; Stratton et al., 1995).  
It is assumed that not only the quantity, but also the quality of the organic 
matter applied has a significant influence on the soil physical properties. 
Furthermore, in most of the related literature, effects of the application of 
only one or a few kinds of OM on soil properties are investigated. Mostly, 
these effects are investigated in long term experiments, while their short 
term effects are less frequently examined. 
The application of different types of OM will not only influence the total soil 
organic carbon (SOC) content, it is also very important to investigate how the 
applied organic carbon and nitrogen are divided over the different soil OM 
fractions. These changes in the fractions are more readily measured than 
changes in the total SOC content. Six et al. (2000) suggested a physical 
fractionation procedure which unlike other methods allows the isolation of 
microaggregates out of macroaggregates without the first being destroyed. 
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The fractionation of soil samples should make it possible to gain a clearer 
understanding of the availability of the applied organic C for the soil fauna 
and flora, which play e.g. a significant role by binding agents within and 
between aggregates and hence influence the soil physical properties 
(Tisdall, 1994).  
The objective of this study was to assess the short term effects of eight 
different fertilizer regimes, five of which were organic amendments used in 
Belgian agriculture, on aggregate stability and hydraulic conductivity. We 
also examined the effects of these five organic fertilizers compared with 
minerally fertilized and unfertilized plots on the distribution of OC and ON 
between various SOM fractions. 
 
7.2 Materials and methods 
7.2.1 Soil sampling 
Soil samples were taken on March 17, 2006 for the determination of 
aggregate stability, hydraulic conductivity and for the physical fractionation. 
For the aggregate stability and soil physical fractionation, 15 cores per plot 
were taken to a depth of 10 cm, using an auger with a diameter of 1.8 cm, 
and bulked. Hydraulic conductivity was determined on three undisturbed ring 
samples (98 cm³) per plot taken from a depth between 5 and 10 cm. 
 
7.2.2 Soil physical properties 
Two methods were used to measure aggregate stability: the procedure of De 
Leenheer and De Boodt (1959), adjusted by Hofman (1973) and the method 
of Le Bissonnais (1996). For the method of De Leenheer and De Boodt 300 
g of the air dried soil passing an 8 mm sieve, were gently shaken by hand 
over a set of sieves with mesh sizes of 8, 4.76, 2.83 and 2 mm. The fraction 
<2 mm was removed. The three retained fractions (8 - 4.76 mm, 4.76 – 2.83 
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mm and 2.83 – 2 mm) were weighed in nickel cups. From the fraction 8 – 
4.76 mm 40 g was taken, 32 g from the fraction 4.76 – 2.83 and 28 g from 
the fraction 2.83 – 2 mm. These aggregates were moistened to field capacity 
by drops falling from a capillary tube (tip of 5 mm, inner diameter of 0.4 mm) 
from a height of 50 cm. The nickel cups with the different aggregate size 
fractions were placed in an incubator for 24 hours at 20°C. After incubation, 
each aggregate size fraction was placed on its corresponding sieve as used 
for the dry sieving. Three extra sieves with mesh sizes of 1, 0.5 and 0.3 mm 
were added and all the sieves were gently shaken under water 
(automatically controlled) for 5 minutes. The aggregates remaining on each 
sieve were washed off the sieve in nickel cups, dried and weighed again.  
The instability index of the method of De Leenheer and De Boodt (1959) was 
calculated: 
Instability Index = MWDdry - MWDwet 
with MWD (mean weight diameter) = ∑
=
n
i
XiWi
1
, 
and from this the stability index (SI) is obtained as: 
Stability Index = 
yIndexInstabilit
1
, 
where Xi is the mean diameter of each size fraction (mm) and Wi is the 
proportion of the total sample mass in the corresponding size fraction. Per 
plot, the aggregate stability following De Leenheer and De Boodt (1959) was 
measured on three replicates. 
The procedure of Le Bissonnais (1996) involves three different wetting 
conditions: fast wetting simulating a heavy rain storm in summer (Method I), 
slow wetting simulating wetting under a gentle rainfall (Method II) and 
mechanical breakdown by shaking after pre-wetting to test the wet 
mechanical cohesion of aggregates (Method III). Air dried samples were 
sieved through a 4.76 mm aperture and the 3 - 4.76 mm aggregates 
selected. These aggregates were dried in the oven at 40°C for 24 hours and 
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then subjected to the three aggregate stability methods. At the end of all 
three procedures, the aggregates were oven dried and sieved on a set of 6 
sieves: 2000, 1000, 500, 200, 100 and 50 µm.  
Le Bissonnais (1996) also classified the aggregate stability of the soils 
depending on the MWD. The Le Bissonnais aggregate stability was 
determined on five replicate samples per plot.  
The measurement of the saturated hydraulic conductivity (Ks) was 
conducted using a constant head permeameter (law of Darcy), Eijkelkamp 
Agrisearch Equipment, Giesbeek, Netherlands. Three replicates per plot 
were analysed. 
 
7.2.3 Physical fractionation of soil organic matter 
The soil organic matter was physically fractionated into (i) OM associated 
with clay and silt particles, (ii) OM residing in stable aggregates and (iii) the 
free particulate organic matter (fPOM) based on the microaggregate isolation 
method proposed by Six et al. (2002) and slightly adapted by Sleutel et al. 
(2006). This physical fractionation procedure, which has been described in 
detail by Sleutel et al. (2006) results in the sequential isolation of (i) water-
stable microaggregates from coarse free particulate organic matter (coarse 
fPOM) (> 250 µm) and silt and clay sized OM (< 53 µm) by means of wet 
sieving and (ii) density separation of fine fPOM (53-250 µm) from intra-
microaggregate POM (iPOM) and intra-microaggregate silt and clay 
associated OM (< 53 µm) and (iii) isolation of iPOM (53-250 µm) from the 
latter OM fraction (Figure 7.1). Prior to the fractionation, the moist whole soil 
was gently broken apart by hand and passed through an 8 mm sieve to 
break down large macroaggregates, which were dried at 50°C. 
Because the soil pH-KCl was < 6.5, we assumed that the soil samples 
contained no carbonates. Therefore, we measured the total C and assumed 
this to be equal to the organic C. The total C content of the fractions was 
measured with a Variomax CN-analyzer (Elementar Analysesysteme, 
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Germany). It was assumed that the silt + clay fraction obtained after 
dispersion of the 53-250 µm sieved heavy fraction (see Figure 7.1) had the 
same composition and hence carbon content to that of the sieved silt + clay 
fraction (obtained before dispersion). The iPOM fraction and fine sand 
fraction were analyzed as one sample. 
 
 
Figure 7.1 Scheme of the physical fractionation procedure for the isolation of coarse 
free particulate organic matter (coarse fPOM), fine free POM (fine fPOM), intra-
microaggregate POM (iPOM) and silt and clay sized OM (Sleutel et al., 2006) 
 
7.2.4 Statistical analysis 
Data were subjected to analyses of variance (ANOVA) tests using S-Plus 
software and significant differences between means were determined by 
Tukey’s test.  
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7.3 Results 
Two applications of organic amendments in 2005 (April and October) had a 
significant effect on the soil physical properties (p<0.01) measured in March 
2006. On all organically amended plots the SI, following the method of De 
Leenheer and De Boodt (1959), was greater than on the minerally fertilized 
and unamended plots (Figure 7.2). There were even significant differences 
(p<0.01) between the organic amendments, with the highest SI on the CSL 
plots, followed by the FYM and VFG plots respectively. The SI for the two 
types of farm compost was similar. The smallest SI was found on the NF- 
plots, and this SI was significantly lower (p<0.01) than these of the MIN N 
and NF+ plots. 
 
 
Figure 7.2 Aggregate stability and standard deviations expressed as the stability 
index following De Leenheer and De Boodt (1959), sampled on 17/03/06. Different 
letters indicate significant (p<0.01) differences according to Tukey 
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The aggregate stability measurements following the three methods of Le 
Bissonnais (1996) confirmed the results obtained from the method of De 
Leenheer and De Boodt (1959): the application of exogenous OM increased 
the aggregate stability (Figure 7.3). Significant differences (p<0.01) between 
the organic amendments could be observed with all three of the Le 
Bissonnais (1996) methods. For all three methods, the application of cattle 
slurry (CSL) resulted in the largest MWD, while the smallest MWD was found 
on the unfertilized and uncropped plots (NF-). However, the differences 
between the treatments were smaller than for the method of De Leenheer 
and De Boodt (1959).  
 
 
Figure 7.3 Aggregate stability and standard deviations expressed as the mean 
weight diameter following the Le Bissonnais methods (1996), sampled on 17/03/06 
(BI = method 1, BII = method 2 and BIII = method 3). Different letters indicate 
significant (p<0.01) differences according to Tukey 
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The application of OM increased Ks significantly (p<0.01) (Figure 7.4). The 
three treatments without organic amendments (MIN N, NF+, and NF-) all had 
smaller Ks values than the other treatments. In contrast to the aggregate 
stability, the largest Ks value was found on the FYM plots and differences 
were observed between the two farm compost treatments (CMC). The VFG 
plots had the smallest Ks of all organically amended plots.  
 
 
Figure 7.4 Saturated hydraulic conductivity, and standard deviations sampled on 
17/03/06. Different letters indicate significant (p<0.01) differences according to Tukey 
 
The total OC and ON contents were significantly influenced (p<0.05) by two 
OM  applications, with the highest values found in the VFG plots (Table 7.1). 
The smallest OC and ON content was found on the plots receiving no 
organic fertilizers (MIN N, NF+ and NF-). The CMC1 plots had surprisingly 
low levels of OC and ON, almost similar to the minerally fertilized and 
unfertilized plots.  
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Table 7.1 Absolute amount of OC and ON and standard deviations present in the 
isolated SOM fractions and in the whole soil samples taken on 17/03/06 (mg C or N 
100 g-1 soil) 
 
 
Treat-
ment 
Coarse 
fPOM 
(> 250 µm) 
Fine 
fPOM 
(53- 
250 µm) 
iPOM 
(53-250 µm) 
Silt + clay 
sized after 
sieving 
(< 53 µm) 
Intra- 
micro- 
aggregate 
(< 53 µm) 
Total 
OC FYM 186±37a1 75±42ab 173±50a 515±92a 289±63a 1238±96ac 
 VFG 345±154a 101±46a 155±26a 617±50a 300±66a 1508±184b 
 CMC1 170±66a 44±8b 153±18a 516±68a 218±31a 1100±159ac 
 CMC2 188±21a 67±25ab 154±6a 524±24a 284±81a 1217±122ac 
 CSL 289±131a 54±19b 171±38a 542±33a 266±61a 1323±179ab 
 MIN N 89±27a 41±18b 133±18a 476±34a 280±44a 1019±51c 
 NF+ 105±14a 42±12b 148±29a 509±66a 273±104a 1076±101ac 
 NF- 76±8a 46±14b 131±18a 485±40a 247±58a 984±67c 
  
      
ON FYM 8.9±2.4a 2.7±0.9ac 11.3±4.4a 51.4±9.6a 28.6±5.0a 101.1±10.6ab 
 VFG 15.1±10.7a 5.5±1.5b 10.3±2.3a 61.9±8.9a 32.7±5.7a 131.4±10.4b 
 CMC1 6.4±1.7a 2.0±0.4a 8.9±1.4a 52.4±6.5a 22.1±2.2a 91.8±9.8a 
 CMC2 9.8±1.3a 3.8±1.8c 9.5±0.3a 56.6±0.5a 30.7±8.8a 110.5±11.5ab 
 CSL 12.7±9.6a 2.6±0.8ac 11.0±3.1a 56.4±4.4a 27.6±6.0a 110.4±18.5ab 
 MIN N 3.5±0.5a 2.2±0.4ac 8.1±1.0a 50.3±3.9a 29.5±3.3a 93.5±03.2a 
 NF+ 4.2±0.5a 2.0±0.5a 9.4±3.2a 53.2±5.6a 28.9±12.4a 97.6±12.3a 
 NF- 3.3±0.4a 2.3±0.5ac 9.5±1.6a 51.1±1.8a 26.2±6.9a 91.5±6.6a 
1
 Different letters indicate a significant difference according to Tukey (p<0.05) 
 
The application of the amendments significantly influenced (p<0.05) the OC 
and ON content in the fine fPOM fraction, but not in the coarse fPOM 
(p=0.06 and p=0.09 for OC and ON respectively). The amount of OC and 
ON in the total fPOM was also significantly (p<0.05) affected (results not 
shown). As for the total OC and ON, the highest values were found on the 
VFG plots and the lowest on the plots receiving no organic amendments 
(MIN N, NF+ and NF-), while the other treatments had intermediate values. 
No significant differences (p<0.05) were found in the OC or ON content in 
the iPOM fraction and in the silt+clay sized OM fraction.  
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The relative distribution of OC over the different SOM fractions was affected 
by treatment (Figure 7.5), with relatively more OC in the fPOM fraction 
(coarse and fine) of the amended plots than in the unamended, while the OC 
present in the silt+clay sized OM fraction was, as a consequence, relatively 
lower.  
 
 
Figure 7.5 Relative distribution of the total OC over the coarse fPOM (>250 µm), the 
fine fPOM (53-250 µm), the iPOM (53-250 µm) and the silt+clay associated (<53 µm) 
SOM fractions  and standard deviations for the different treatments, sampled on 
17/03/06  
 
7.4 Discussion and conclusions 
Both methods of measuring stability showed that aggregates of soil receiving 
organic amendments were significantly more stable. Similar findings have 
been reported by Celik et al. (2004) in a 5-year field experiment where 
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compost (made of a mixture of grasses, stubbles and leaves) and manure 
treatments (both 25 ton ha-1) resulted in significantly more stable aggregates 
compared to the control and inorganically fertilized plots. Hati et al. (2006) 
concluded that the combined application of mineral fertilizers (NPK) and 
farmyard manure led to a significant increase in aggregate stability 
compared to the control treatments receiving only mineral fertilizer. Guerrero 
et al. (2000) found that a single application of as little as 10 ton ha-1 of 
municipal solid waste compost had a beneficial effect on aggregate stability. 
It is common knowledge that aggregate stability is correlated with the SOC 
content (Hofman, 1973; Chaney and Swift, 1984; Elliot, 1986) and all studies 
referred to (Guerrero et al., 2000; Celik et al., 2004; Hati et al., 2006) 
reported a considerable increase in SOC content due to organic fertilization. 
SOM is assumed to stabilize aggregates by two processes. Organic matter 
increases the cohesion of aggregates through the binding of mineral 
particles by organic polymers and through the physical enmeshment of 
particles by fine roots or fungi (Tisdall and Oades, 1982). Organic matter 
may also slow the rate of aggregate wetting and thus the extent of slaking 
(Sullivan, 1990). From Table 7.1, it can be seen that after less than one year 
(i.e. only two organic matter applications in April and October 2005), the 
SOC content in the 0-10 cm soil layer had changed significantly. However, 
one must be aware that the total soil OC and ON contents, determined in 
this part of the study and presented in Table 7.1 were the result of the sum 
of the OC and ON content in the different SOM fractions. We can therefore 
assume that these total OC and ON contents are not as reliable as the 
results presented in Table 3.3. Moreover, Table 3.3 presents data from the 
0-20 cm soil layer, while the data of Table 7.1 refer to the 0-10 cm soil layer, 
which makes comparison difficult. Furthermore, the results in Table 3.3 were 
determined 19 months and two OM applications later compared to the data 
in Table 7.1, as can be seen in Figure 2.2 (Chapter 2). In the following 
discussion, the results presented in Table 7.1 are used, although, except 
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from the OC content of the CSL plots, a similar trend among treatments can 
be found in both tables.  
Although the total amount of applied organic C was the same for all 
organically amended plots (see Chapter 2), the increase of SOC content 
varied between treatments, which is therefore probably due to the specific 
properties and quality of the applied OM, as already discussed in Chapter 3. 
Although aggregate stability and SOC content are related to each other, the 
highest level of SOC did not result in the highest values of either the SI or 
MWD, which probably means that factors other than solely total SOC are 
determining aggregate stability. The CSL plots had the greatest aggregate 
stability. There are few studies that have examined the effect of slurry 
application on aggregate stability. Mbagwu et al. (1991) concluded that on 
sandy soils, cattle slurry application resulted in greater aggregate stability. 
Leroy et al. (2008) found in a 9-year experiment on a similar sandy loam soil 
as was used for this study that slurry application (ca. 40 ton ha-1 yearly) 
resulted in a significantly better aggregate stability as compared to the 
unfertilized control plots. However, in the same experiment, plots amended 
with 25 ton ha-1 yr-1 VFG compost even had a significantly higher SI and 
MWD than the slurry plots. In this study, opposite results were found. This 
can possibly be explained because of the combined application of cattle 
slurry and crop residues in this study, of which straw is certainly believed to 
be more stable. However, whether this short term effect of slurry and crop 
residues on aggregate stability is sustained over the longer term, certainly 
needs further evaluation.  
When comparing Figures 7.2 and 7.3, it is clear that the method of De 
Leenheer and De Boodt (1959) discriminated better between the treatments 
than that of Le Bissonnais (1996). Casamitjana i Causa (2005) and Leroy et 
al. (2008) also concluded that the most sensitive procedure to assess 
management related changes in aggregate stability was the one described 
by De Leenheer and De Boodt (1959). 
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The higher Ks values of the plots receiving organic amendments can 
probably be related to the formation of larger and more stable aggregates, 
and hence an increase of the total pore volume. As soil permeability is a 
function of the total pore volume, increased porosity will have a direct 
influence on the Ks of the soil (Flowers and Lal, 1998). Similar effects were 
found by Celik et al. (2004). 
It was surprising that significant effects on the soil physical properties 
occurred after less than one year of OM application. The increase of the 
hydraulic conductivity and the aggregate stability on organically amended 
plots may be linked to the abundance of the soil biota, e.g. earthworms, 
which are believed to play a crucial role in aggregate formation and soil 
structure (Bardgett, 2005). In May 2006, we observed that the earthworm 
abundance in all organically amended plots was significantly higher (p<0.05) 
than on the unamended plots (MIN N and NF) (Chapter 6 and Leroy et al., 
2007b). The possible presence of even small earthworm burrows in the 
undisturbed ring samples (98 cm³) taken to determine Ks, may also partially 
explain the higher standard deviation in the results for the organically 
amended plots compared to the other treatments (Figure 7.4). 
The two OM applications already had considerable effects on the OC and 
ON distribution in physically separated SOM fractions. However, the results 
were not easy to explain. In almost all SOM fractions, the amount of OC and 
ON was largest in the VFG amended plots. The discrepancy with the other 
organic amendments was the highest for the fPOM (coarse, fine and total). 
The fPOM fraction, both coarse and fine, is often considered to be a good 
indicator for labile OM (Balesdent, 1996; Carter et al., 2003). Six et al. (2002) 
suggested that fPOM, which is not included within microaggregates, 
constitutes a conceptual “unprotected” SOM pool. This means that this 
fraction will be most affected by management (e.g. the application of OM) 
and undergo the quickest change. The larger amounts of OC and ON 
present in the coarse and fine fPOM on organically amended plots confirm 
them to be good indicators of management. The large values, found on the 
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VFG plots, are probably due to the high humification coefficient of this 
compost, estimated to be ca. 0.85 (De Neve et al., 2003). VFG compost can 
thus be considered a source of very stable OM, as a consequence of the 
long composting process. This humification coefficient is much higher than 
that of e.g. farmyard manure or slurry, both estimated to be 0.50, explaining 
the smaller amounts of OC and ON in soils amended with these 
amendments. For the two types of farm compost (CMC1 and CMC2) the 
humification coefficients are not known, but the difference in the results 
suggest a considerable difference in humification. These humification 
coefficients of both types of farm composts will be influenced by several 
factors: the much shorter composting process compared to VFG compost, 
the difference in starting materials and the use of soil as one of the starting 
materials for both farm composts. 
The duration of this experiment was too short to show any effects of OM 
application on iPOM, which is believed to constitute a SOM pool with an 
intermediate turnover time (Six et al., 2002). Therefore a larger time scale of 
years to decades may be required to observe any variation in this fraction. 
The silt+clay sized OM, which remained unchanged in our experiment, is 
generally assumed to be composed of stable OM that is hardly affected by 
management over a time scale of decades. As for the iPOM fraction, a 
longer time period is required to draw sound conclusions. In long-term field 
experiments lasting for four to five decades, Sleutel et al. (2006) found that 
application of farmyard manure, ranging from 7 to 20  ton ha-1 yr-1, increased 
the amount of OC in both fPOM fractions by 19 to 230% compared to the 
control treatment (with 0.083 g C 100 g-1 soil). The corresponding increase in 
OC content in the iPOM fraction was equal or smaller (16-97% compared to 
the control with 0.090 g C 100 g-1 soil) and much smaller for the silt+clay 
sized fraction (2-30% compared to the control treatment with 1.384 g C    
100 g-1 soil) confirming the slower changing rate of both fractions. 
We can conclude from this study that the application of different qualities of 
OM had a significant impact on soil physical parameters and the distribution 
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of the OC and ON within the SOM fractions. This impact was much greater 
than what we anticipated, but the results were not unequivocal. Although the 
most stable type of OM (VFG compost) resulted in the largest increase of 
total OC content and the OC in the physically separated fractions, it did not 
result in the strongest aggregate stability or highest conductivity. This 
suggests that other factors such as soil biota effects may be involved and 
that a longer period will be necessary to accurately assess the effect of the 
different qualities of OM on soil. 
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Chapter 8 
Carbon and nitrogen mineralization as influenced 
by the quality of exogenous OM 
8.1 Introduction 
As stated in Chapter 1, soil organic matter is of crucial importance, since it 
promotes soil structural stability, thereby preventing soil erosion, and it is 
extremely effective in retaining water within the soil matrix. Moreover, SOM 
is of particular importance for soil biota because it is their primary source of 
C and nutrients (Bardgett, 2005). Most components of SOM occur as large 
molecules (e.g. cellulose, amino sugars, proteins, lignin, etc.). Soil biota 
decompose these molecules through a range of activities. They are 
depolymerized over time by extracellular microbial enzymes to yield simpler 
units which can then be assimilated by the microbes for energy and C. For 
example, the enzyme cellulase breaks down cellulose, the principal 
component of plant tissue, into glucose units that are readily assimilated by 
microbes and used for C and energy. Microbial enzymes also produce 
soluble organic nutrients, e.g. amino acids. These soluble organic nutrients, 
that are absorbed by microbes, are either retained to meet their C and N 
needs, or, when they require only C to support their energy needs, the 
excess N is secreted into the soil environment as inorganic N, which is then 
available for plant uptake. This process, called mineralization, is of key 
importance at the ecosystem scale, since it determines the availability of 
inorganic nutrients for plant uptake and hence plant productivity.  
While microbial processes of nutrient mineralization are of fundamental 
importance for plant nutrient supply, there is very strong evidence that 
trophic interactions between microbes and their animal predators in the soil 
food web strongly influence the rates of nutrient supply to plants, thereby 
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influencing plant productivity (Bardgett, 2005). Soil fauna contribute to the 
decomposition process and nutrient mineralization both directly by mixing 
and fragmenting OM into smaller units, more accessible to microbial attack, 
and indirectly, by feeding on microbes, affecting their growth and activity, 
and excreting nutrients that are in excess of the animals’ requirements into 
the soil environment. 
As well as on the soil structure, soil water content, soil pH, etc., the rate at 
which organic inputs to soil are decomposed, depends primarily on their 
quality, which is dependent on the present type of compounds. Rapidly 
decomposing materials, such as the litter of animal faeces, generally contain 
high amounts of labile substances, such as amino acids and sugars, and low 
concentrations of recalcitrant compounds such as lignin. In contrast, the litter 
of (coniferous) trees or compost made of it decomposes slowly, being rich in 
large, complex structural compounds such as lignin and polyphenols. The 
importance of variation in the rate of decomposition at the ecosystem scale 
relates to the production of CO2 from heterotrophic microbial activity and its 
evolution into the atmosphere (as greenhouse gas), and to the conversion of 
organic nutrient forms to simple inorganic nutrients (e.g. ammonium) that are 
available for plant uptake, a strong determinant of plant productivity 
(Bardgett, 2005).  
The aim of the present study was to assess if eight different fertilizer 
regimes, five of which were organic amendments used in Belgian agriculture, 
would affect the C and N mineralization in the short term. 
 
8.2 Materials and methods 
8.2.1 Soil sampling 
Soil samples were taken before the start of the experiment on November 25, 
2004 to determine the initial C and N mineralization and during the 
experiment on October 26, 2006 for the N mineralization and on August 27, 
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2007 for both C and N mineralization. Composite soil samples were 
randomly taken to a depth of 20 cm in each plot, using a 1.8 cm diameter 
auger. These soil samples were directly used for the incubations, except in 
autumn 2006, when the moisture content of the samples was too high (up to 
a gravimetric moisture content of 26 to 29%). In that case the soil was 
allowed to dry for a few days to a gravimetric moisture content of 20 to 22% 
in order to avoid gaseous N losses. This moisture content was comparable 
to that of the other sampling moments. The soil was not sieved in order to 
minimize the disturbance of microbial activity.  
 
8.2.2 Incubation for nitrogen mineralization  
The incubation was done following the procedure described by De Neve and 
Hofman (1996) and slightly changed. For the incubation trials plastic tubes 
with an inner diameter of 4.6 cm were used. The tubes were filled with soil, 
which was compacted to a height of 10 cm in order to obtain a bulk density 
of 1430 kg m-3, which was the density of the upper layer (0-30 cm) of the 
experimental field. For each plot, the amount of soil necessary to achieve 
this density in the tubes, was calculated based on the determined moisture 
content. The tubes were covered with a single layer of gas permeable 
parafilm in order to minimize water loss, labeled, weighed and stored at a 
temperature of 15°C. This temperature was chosen si nce it is approximately 
the soil temperature during the growing season (late spring, summer and 
early autumn) at Melle. The moisture content was checked regularly by 
reweighing the tubes, but no water additions were required. The incubations 
lasted for 14 weeks and sampling took place by removing intact tubes every 
two weeks. At all incubations, samples were removed in four replicates (one 
tube per plot, hence four tubes per fertilizer regime). The samples were 
extracted with KCl and analyzed for NO3- and NH4+ using a continuous flow 
auto-analyzer. The results were recalculated to kg N ha-1 week-1 based on 
the soil bulk density and a sampling depth of 20 cm. 
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8.2.3 Incubation for carbon mineralization 
The incubation was done following the procedure described by De Neve et 
al. (2003) and slightly changed. Plastic tubes with an inner diameter of 6.8 
cm were filled with soil, which was compacted to a height of 5 cm. As for the 
N mineralization, the amount of soil required to achieve the correct bulk 
density (1430 kg m-3), was calculated taking the moisture content of the soil 
samples into account. The tubes were placed in glass jars with an inner 
diameter of 10.4 cm, which were labeled and weighed. Small vials containing 
15 ml 1M NaOH were placed in the jars to trap evolved CO2. The jars were 
closed with airtight seals and incubated at 15°C in  four replicates. Samples 
were taken regularly during the 88-day incubation period by removing the 
NaOH vials. Amounts of evolved CO2 were measured by titration of the 
NaOH with 1M HCl in the presence of BaCl2. After removal of the vials, the 
glass jars were left open for two hours to allow replenishment of oxygen. The 
soil moisture content was regularly adjusted by adding demineralized water 
as required. After the measurement, fresh vials containing NaOH were 
added, and the jars were sealed again to continue the C mineralization 
measurements. 
 
8.2.4 Statistical analysis 
The mineralization data were fitted to a model by linear regression analysis 
using S-Plus software. 
 
8.3 Results and discussion 
8.3.1 Nitrogen mineralization 
N mineralization of soils in incubation experiments can result in four different 
patterns (Tabatabai and Al-Khafaji, 1980): (1) an immobilization of N during 
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the start of the incubation, followed by a net mineralization, (2) a continuous 
mineralization, but with decreasing amounts of N being released, (3) a linear 
increase in N release and (4) a higher N mineralization at the start of the 
incubation, followed by a slower, linear N release. In our experiments, the N 
mineralization followed more or less a linear course for all treatments. 
However, presenting the results of all treatments for an incubation period in 
a graph, would result in an unclear figure. Therefore, only results are 
presented for four treatments (VFG, CSL, MIN N and NF-) with rather 
divergent mineralization rates during the last incubation period (Figure 8.1).  
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Figure 8.1 N mineralization pattern of four treatments during the incubation period in 
autumn 2007 
 
During this incubation in autumn 2007 a noticeable higher amount of mineral 
N was recorded in the samples of most of the treatments two weeks after the 
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start of the incubation, which was probably due to the handling and hence 
disturbance of the soil when filling the tubes. Indeed, Stanford and Smith 
(1972) confirm that pretreatment (e.g. disturbance) of the soil can result in a 
temporary higher N release during the first weeks of the incubation. Although 
presented in Figure 8.1, these results were therefore omitted from the 
calculations. 
 
A zero order model was fitted to the results:  
 
N(t) = N0 + kt  
 
in which N(t) is the amount of mineral N (in kg N ha-1) available in the soil at 
time (t), N0 the initial N content and k the mineralization rate (kg N ha-1  
week-1). Table 8.1 summarizes the results (mineralization rate) of the three 
incubation experiments for N mineralization, together with the respective 
correlation coefficient between the obtained results and the zero order 
model.  
In all but three cases the correlation coefficient was higher than 0.95, 
indicating that mineralization was indeed linear over the time period of the 
incubation. For both incubations during the experimental period, differences 
were recorded in the soil mineralization rate of the different treatments. 
Although these mineralization rates were higher for all treatments during the 
incubation in autumn 2007, a similar trend among the treatments was 
recorded for both incubation periods. The highest mineralization rate was 
found in the VFG plots, which can probably be partially linked with the higher 
N content of these plots compared to the other treatments (see Table 3.3, 
Chapter 3). The CSL and FYM plots had slightly lower values. The 
unfertilized plots (NF+ and NF-) had the lowest mineralization rate, which 
was expected owing to the lack of any fertilization during the experimental 
period. Both farm compost treatments (CMC) resulted in intermediate 
mineralization rates. Surprisingly, the MIN N plots had a mineralization rate, 
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comparable to that of the CSL and FYM plots in the first incubation period 
and to that of both farm composts in the second. 
 
Table 8.1 Mineralization rate with standard deviation and correlation coefficient of the 
N mineralization experiments before the start of the experiment, during winter 2006-
2007 and during autumn 2007 
 
Treatment 
(fertilizer) 
k 
(kg N ha-1 week-1) 
r 
Before the start   
Whole field 3.22±0.51 0.931 
Winter 2006-2007   
FYM 4.79±0.36 0.984 
VFG 5.55±0.37 0.987 
CMC1 3.64±0.60 0.927 
CMC2 3.80±0.45 0.960 
CSL 4.80±0.50 0.969 
MIN N 4.73±0.35 0.984 
NF+ 2.96±0.25 0.979 
NF- 2.66±0.45 0.925 
Autumn 2007   
FYM 6.52±0.52 0.985 
VFG 7.55±0.39 0.993 
CMC1 5.45±0.79 0.952 
CMC2 5.91±0.74 0.963 
CSL 6.25±0.73 0.967 
MIN N 5.79±0.53 0.979 
NF+ 4.98±0.49 0.976 
NF- 4.20±0.33 0.985 
 
If the mineralization rates during the second incubation period were 
calculated relatively to the total soil N content (Table 3.3), sampled and 
determined one and a half month after the soil sampling for this incubation 
(see Figure 2.2), the NF- plots still had the lowest mineralization rate (results 
not shown). However, the VFG, FYM and CSL plots all had similar 
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mineralization rates, while this of the MIN N plots was even slightly higher 
than that of the FYM and CSL plots and comparable to that of the VFG plots. 
A possible explanation for this high value may be that at the time of 
application of the mineral N, a considerable amount of this mineral N was 
incorporated and hence immobilized by microbiota. This microbial biomass N 
constitutes a labile N pool, and can therefore again be released in optimal 
mineralization conditions during the growing season, as were simulated 
during the incubation, resulting in a rather high mineralization coefficient. 
The lower mineralization rate of the farm composts compared to FYM and 
CSL can be attributed to the composting process of the organic matter 
above ground during several weeks. The high mineralization rate of the plots 
amended with VFG compost, with a composting process even longer than 
that of farm compost (see Chapter 2), is therefore rather surprising. We 
assume that even with this longer composting period, the break down above 
ground did not progress that far compared to the farm composts, possibly 
due to less good composting conditions (too high temperatures, lack of 
oxygen or water). This assumption was supported by the fact that the VFG 
compost was still warm and even steaming at all application occasions, 
proving the not yet finished composting process. These less optimal break 
down and humification probably may have resulted in a higher mineralization 
rate of this compost when applied to soil.  
The N mineralization rates listed in Table 8.1 were used for the calculation of 
the extra applied amount of mineral N to attempt to support equal crop 
growth on all fertilized plots, as described in Chapter 2. E.g. for the fodder 
beet, we could calculate that during the growing season of ca. 24 weeks 
(Figure 2.3) during which mineralization of the SOM took place 3.22 kg N  
ha-1 week -1 x 24 weeks = 77 kg N ha-1 became available for plant growth out 
of the SOM. For the red cabbage, we assumed that the three previous OM 
applications had influenced the mineralization rates. Hence, an uniform 
mineralization rate, as was used for the fodder beet being the first crop, 
could not be utilized anymore. Therefore, incubation experiments during 
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winter 2006-2007 were established and the obtained, respective 
mineralization rate per treatment was used. E.g. during the growing season 
of red cabbage, ca. 18 weeks, 100 kg N ha-1 became available in the VFG 
plots (5.55 kg N ha-1 week-1) out of the SOM, while this was only 66 kg N   
ha-1 in the CMC1 plots (3.64 kg N ha-1 week-1). 
 
8.3.2 Carbon mineralization 
As can be seen in Figure 8.2, the pattern of C mineralization was almost 
linear for all treatments, indicating a slow mineralization of the rather stable 
soil organic C. We assume that the (faster) decomposition of the most labile 
compounds of the applied organic amendments already took place before 
the soil sampling for this incubation (last OM application was on 2/05/07 vs. 
soil sampling for the incubation on 27/08/07). Only at the start of the 
incubation the mineralization went faster, resulting in some deviating data 
during the first week. As for the second N mineralization, this higher 
mineralization was probably due to the effect of pretreatment (disturbance) 
of the soil samples. Although presented in Figure 8.2, these data were 
omitted from the calculations of the mineralization coefficients. As for Figure 
8.1, the results of only four treatments (VFG, CMC1, MIN N and NF-) are 
presented to aim for a clear figure. 
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Figure 8.2 C mineralization pattern of four treatments during the incubation period in 
autumn 2007 
 
As for the N mineralization a zero order model was fitted to the results: 
 
OC(t) = kt 
 
in which OC(t) is the amount of organic carbon mineralized at time (t) and k 
is the mineralization rate (mg C 100 g-1 soil week-1). Table 8.2 summarizes 
the results (mineralization rates) of the two incubation experiments for C 
mineralization, together with the respective correlation coefficient between 
the obtained results and the zero order model. The correlation coefficients, 
all being higher than 0.99, showed that the mineralization was well 
represented by the zero order model. 
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Table 8.2 Mineralization rate with standard deviation and correlation coefficient of the 
C mineralization experiment before the start of the experiment and during autumn 
2007 
 
Treatment 
(fertilizer) 
k 
(mg C 100 g-1 soil week-1) 
r 
Before the start   
Whole field 1.69±0.04 0.997 
Autumn 2007   
FYM 2.10±0.07 0.992 
VFG 2.02±0.06 0.995 
CMC1 2.45±0.07 0.994 
CMC2 2.07±0.06 0.995 
CSL 1.98±0.06 0.994 
MIN N 1.55±0.05 0.993 
NF+ 1.47±0.04 0.996 
NF- 1.12±0.03 0.994 
 
From Table 8.2 it can be seen that the application of organic amendments 
resulted in a higher C mineralization compared to the unamended plots, 
probably due to the higher C content of the amended plots. The lowest 
mineralization rate was found for the NF- plots. If, as for the N mineralization, 
the mineralization rate was calculated relative to the soil organic C content 
(Table 3.3), sampled and determined one and half month after the start of 
the incubation, the results were similar to those presented above (data not 
shown), with the highest mineralization rates for the amended plots and the 
lowest for the unamended. 
Among the organic treatments, the mineralization rates, calculated with and 
without taking the soil organic C content into account, were comparable, 
indicating that the C mineralized during the incubation was mainly stable 
organic C. E.g. for CSL, composed of mostly labile organic compounds, we 
assume that most of these labile compounds were broken down rather quick 
(i.e. one to two moths) after the application. Similar research on the C 
mineralization pattern of different organic amendments also showed that 
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uncomposted, less stable organic wastes, such as slurry from a brewery or 
potato processing plant, mineralized very fast during the first weeks of 
incubation, but the mineralization started to level off after approximately 4 
weeks (De Neve et al., 2003). The remaining C is probably rather stable, 
resulting in similar mineralization rates compared to other and more stable 
organic amendments, e.g. composts.  
Surprisingly, for the CMC1 plots a clearly higher mineralization rate was 
recorded. This type of farm compost, mostly composed of woody, C rich 
ingredients had the highest C/N ratio of all amendments. Therefore, we did 
not expect this compost to have the highest mineralization coefficient. Since 
no differences were recorded in the most important and investigated 
influencing parameters (soil structure, microbial biomass, soil pH) this high 
mineralization rate could not be explained. However, another important 
parameter affecting mineralization, being microbial activity, has not been 
investigated in this study. The determination of this microbial parameter 
could be of great help to interpret the results of the mineralization 
experiments.  
The C mineralization rates listed in Table 8.2 can be used for some rough, 
but nevertheless valuable calculations on the amounts of C and hence CO2 
that are yearly released in the atmosphere. The average mineralization rate 
of the amended plots, ignoring the surprisingly high rates of the CMC1 plots, 
is 2.04 mg C 100 g-1 soil week-1 or 20.4 mg C kg-1 soil week-1. Since the 
amendments were incorporated up to a depth of 20 cm and the soil samples 
for incubation were taken up to the same depth, we can recalculate this 
average mineralization rate based on a mass of 2860 ton soil ha-1 (bulk 
density of 1430 kg m-3 and soil layer 0-20 cm). Based on these data, we can 
calculate that 58.3 kg C ha-1 is mineralized weekly. The average time span in 
which mineralization in soil takes place during the year is generally assumed 
to be approximately 180 days or 26 weeks. From this, we can conclude that 
each year more than 1500 kg C or thus 5500 kg CO2 ha-1 is released in the 
atmosphere, and that during the whole experimental period including three 
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growing seasons 16500 kg CO2 was released. However, this rationale needs 
finetuning. On the one hand the mineralization rates were determined in 
optimal conditions (moisture content, temperature). So the mineralization 
rate in situ (i.e. on the field) is expected to be lower. On the other hand, 
based on the relatively moderate winters of the previous years (Table 2.4), 
the time span in which mineralization does take place might be longer than 
180 days. 
Based on the final SOC content of the plots receiving amendments (Table 
3.3), the total amount of C, lost during the experimental period through 
mineralization, was higher than the amount calculated here above. Indeed, 
the average SOC content of all organically amended plots was 1.14% at the 
end of the experimental period. While the initial SOC content of the 
experimental field (1.01% sampled on 26/10/04, Table 3.3) corresponds with 
almost 28.9 ton C ha-1 in the upper 0-20 cm soil layer, it had increased to on 
average 32.6 ton C ha-1 (1.14% sampled on 15/10/07). This means that from 
the 11500 kg C ha-1, applied during the experimental period, only 3700 kg C 
ha-1 (i.e. 32%), was modified to stable OC. One must realize that this value 
is an average for all organic amendments, since the real values range from 
2300 kg C ha-1 for CSL (20%) to 5100 kg C ha-1 for VFG (44%). Based on 
these observations, we conclude that the C and hence CO2 losses during 
the experimental period were even higher than what was calculated above. 
Since only 3700 kg C ha-1 of the applied 11500 kg C ha-1 remained in the soil 
at the end of the experimental period, 7800 kg C or 28600 kg CO2 ha-1 was 
released in the atmosphere during the experimental period. This is almost 
60% more than calculated from the mineralization rates. How is this 
possible? During the incubation experiments, only the decomposition or 
mineralization rate of the rather stable SOM was determined. The labile 
organic compounds are presumed to be broken down quickly (i.e. one to two 
months) after the application of the organic amendments at mineralization 
rates higher than determined during the incubation experiments. If soil 
samples for incubations would have been taken shortly after the OM 
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application, the mineralization pattern would not have had a linear course as 
in Figure 8.2. Owing to this quick turn over of the labile part of the applied 
OM, the high C losses can be clarified. Despite these seemingly high C 
losses, which are part of the C cycle, one must be aware that during this 
rather short experimental period on average 3700 kg C or hence 13500 kg 
ha-1 of the greenhouse gas CO2 was sequestered. 
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Illustration: 
Overview of the experimental field with red cabbage on 02/08/07 
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Chapter 9 
General discussion and conclusions 
9.1 Introduction 
In the previous chapters, the discussion of the obtained results was more or 
less confined to the parameters investigated in the respective chapter. 
However, as comprehensively stated in Chapter 1, the investigated soil 
(chemical, physical and biological) properties are all interrelated and denying 
these interrelationships and feedback mechanisms will certainly limit the 
value of research studying the soil properties separately. Therefore, in the 
present, overarching discussion we go more deeply into these 
interrelationships and try to link the obtained data of the previous chapters, 
without repeating the conclusions of the respective chapters. For this 
purpose, we focused on data of the different parameters, sampled and 
determined in the same time period (time frame of maximum two months), 
so that comparison and linking of the data are well-founded. 
 
9.2 Soil physical properties 
9.2.1 Aggregate stability  
9.2.1.1 Influence of micro-organisms 
Chapter 7 reveals that the aggregate stability, determined on 17/03/06, was 
significantly higher in the amended plots, which was linked with and 
explained by the OM applications and hence the higher SOC content. 
However, organic matter additions to soil have little or no effect on aggregate 
stability unless micro-organisms are present in the soil (Lynch and Bragg, 
1985). There are three mechanisms, listed by Kay and Angers (2002), by 
which micro-organisms are involved in stabilizing soil structure: (1) by 
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directly providing mechanical binding between soil particles, (2) by producing 
cementing materials during the decomposition of OM and (3) by serving as a 
substrate for further microbial growth. 
From Chapter 4 (Table 4.2) we know that during the experimental period the 
microbial biomass was in general higher on the amended plots. These 
higher amounts of micro-organisms will certainly have positively influenced 
the aggregate stability of these plots. The total microbial biomass sampled 
and determined on 25/04/06 (Table 4.2) could be very well correlated with 
values of the stability index (Figure 7.2) determined one month earlier 
(17/03/06), with a correlation coefficient r=0.78 (p<0.05). For the second Le 
Bissonnais method (BII, Figure 7.3) this correlation was even better, with 
r=0.87 (p<0.01). This link has been investigated and demonstrated several 
times in literature. Tejada and Gonzalez (2007) recorded an increase in 
microbial biomass and aggregate stability due to the application of a cotton 
gin crushed compost at 5, 7.5 and 10 ton ha-1. Bastida et al. (2007) found a 
positive correlation between aggregate stability and microbial biomass and 
activity after a long-term application of five doses of municipal solid wastes. 
Annabi et al. (2007) also observed an interrelated increase in both 
aggregate stability and microbial biomass and activity following the use of 
three urban composts.  
Because of their size, bacteria are not likely involved in the direct binding of 
soil particles to form aggregates (Dorioz et al., 1993). It is rather the product 
of their activity which is the active binding mechanism. Several compounds 
are produced by bacteria during decomposition of organic residues, e.g. 
polysaccharides. These extracellular polysaccharides are strongly adsorbed 
on mineral particles and hence, have strong binding capacities (Lynch and 
Bragg, 1985), accounting for the significant correlations found between 
aggregate stability and polysaccharide content (Angers et al., 1993). During 
the decomposition of organic materials also long-chain aliphatic compounds 
(lipids) are produced. Monreal et al. (1995) found high correlations between 
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the quantity of lipidic compounds and the stability of soils under various 
management systems. 
Fungi are believed to be the most efficient group of soil micro-organisms in 
terms of soil aggregation (Lynch and Bragg, 1985). Like bacteria, fungi also 
produce polysaccharides and other proteic and lipidic compounds which 
promote aggregate stability (Wright and Upadhyaya, 1996; Beare et al., 
1997). Furthermore, soil fungal hyphae ramify throughout the soil and bind 
soil particles together (Dorioz et al., 1993), providing physical enmeshment 
by networking in the soil and thereby contributing to the formation of 
aggregates. The degree of soil aggregation has been correlated with hyphal 
length and biomass indicators (Tisdall et al., 1997). Both saprophytic and 
mycorrhizal fungi were found to be effective. Mycorrhizae are believed to be 
partially responsible for the aggregation of soil particles in the rhizosphere 
and the effect of roots on aggregation (see 9.2.3) has often been associated 
with arbuscular mycorrhizae supported by the root system of some plant 
species (Thomas et al., 1986; Jastrow, 1987). 
The amount of bacterial marker PLFAs were in general higher in the 
amended plots (Tables 4.3 and 5.7) as was true for the total microbial 
biomass. 
While this was also true for the mycorrhizal biomarker, only on 25/04/06 
significant differences among the eight treatments in the amount of the 
fungal biomarker were recorded. The higher amount of the fungal biomarker 
in the amended plots at this sampling date agrees with the better aggregate 
stability of these plots, determined one month earlier (17/03/06, see Figure 
2.3). As for the total microbial biomass, a significant correlation was found 
between the amount of the fungal biomarker on the one hand and the 
aggregate stability on the other, with r=0.79 (p<0.05) for the stability index 
and r=0.84 (p<0.01) for the second Le Bissonnais method. A similar 
correlation was found for the amount of the mycorrhizal biomarker, sampled 
on 25/04/06, with r=0.87 (p<0.01) for the stability index and r=0.86 (p<0.01) 
for the second Le Bissonnais method. 
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At the later sampling dates and in contrast to the mycorrhizal biomarker, no 
significant differences (p<0.05) between the amended and unamended plots 
in the fungal biomarker were recorded (Table 4.3). Although fungi are 
believed to be more efficient than bacteria in terms of soil aggregation, we 
assume that this lack of differences would not necessarily have resulted in 
the disappearance of differences in aggregate stability. A first reason is that 
many other factors are involved in determining aggregate stability (bacteria, 
plants, soil fauna, SOC content). Secondly, the amount of fungi is 
determined using only one fatty acid, being C18:2ω6,9c or linoleic acid. This 
fatty acid has been considered a good indicator fatty acid for fungi (Zelles, 
1999). Nevertheless, we expect the amount of bacteria to be calculated 
more accurately, since it is based on the amounts of several fatty acids. 
Moreover, the amount of linoleic acid often showed a high variation among 
replicates, which may explain the lack of significant differences among 
treatments (e.g. the higher amount of fungi present in the compost plots 
compared to the FYM and CSL plots in 2007, discussed in Chapter 4, Table 
4.3 and Chapter 5, Table 5.7). Therefore, it seems worthwhile for the future 
to use other techniques besides the PLFA analysis to determine the amount 
of fungi, e.g. the ergosterol concentration, another fungal biomarker (Seitz et 
al., 1979; Lee et al., 1980). 
 
9.2.1.2 Influence of earthworms 
Besides bacteria and fungi, the soil is the habitat of a large number of 
animals. Through their activity, these biota affect soil chemical, biological 
and physical properties in various ways, but their effects on soil structure are 
mostly through their movement in the soil and their feeding/excreting 
activities. Of all these soil biota, the effect of earthworms on soil physical 
properties has been by far the most investigated. During the burrowing 
activity of earthworms a pressure is exerted on the surrounding soil and 
external mucus is deposited on the burrow walls, resulting in a stable 
structure (Edwards and Bohlen, 1996). Furthermore, the ingestion of organic 
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and fine-textured inorganic materials results in intimate mixing and the 
excretion of casts which have structural characteristics vastly different from 
the bulk soil. At excretion, casts are very moist and even relatively unstable 
because of the intense remolding during gut passage (Shipitalo and Protz, 
1988; Decaëns et al., 2001). However, these casts gain stability with drying 
and aging, which explains why some casts can persist at the soil surface for 
more than a year if protected from rain drop impact and trampling by animals 
(Decaëns, 2000). 
The amount of soil ingested is highly dependent on the size, composition 
and activity of the earthworm population and is hard to measure accurately. 
Nevertheless, estimated soil ingestion rates for earthworms in temperate 
regions are usually less than 100 ton ha-1 yr-1 (Tomlin et al., 1995). Edwards 
and Bohlen (1996) state that in temperate ecosystems earthworms produce 
between 20 and 40 ton of casts ha-1. While this constitutes only 0.5 to 1% of 
the weight of the plough layer (0-30 cm soil layer, average bulk density of 
1400 kg m-3), numerous studies proved a considerably positive influence of 
earthworms on aggregate stability according to Shipitalo and Le Bayon 
(2004) and Six et al. (2004). 
As soil and plant residues pass through an earthworm digestive tract, they 
are broken up and thoroughly mixed. Due to selective foraging of organic 
particles, gut contents are often enriched in organic matter, nutrients and 
water, relative to bulk soil and can foster high levels of microbial activity 
(Haynes and Fraser, 1998; Winsome and McColl, 1998). Upon cast 
deposition, microbial byproducts, in addition to earthworm mucilages 
function to bind soil particles and contribute to the formation of highly stable 
aggregates (Shipitalo and Protz, 1989). Therefore, aggregates created in the 
presence of earthworms are generally more stable than those created in 
their absence (Blanchart, 1992). The positive effect of earthworms on 
aggregate stability was recently confirmed by Blanchart et al. (2004), who 
tried to restore the initial soil physical properties of a degraded Vertisol. A 
similar research of Fraser et al. (2003), focusing on the restoration of a 
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degraded arable soil, also demonstrated the positive effect of earthworms on 
aggregate stability. It is clear from Chapter 6 that in all plots receiving 
organic amendments the earthworm population outnumbered that of the 
unamended plots. The higher earthworm numbers in the amended plots, 
sampled in May 2006 (Figure 6.1), could be well correlated with the better 
aggregate stability of these plots, determined two months earlier: for the 
stability index a correlation coefficient of r=0.84 (p<0.01) was recorded, while 
this was 0.87 (p<0.01) for the second Le Bissonnais method. 
Moreover, on first sight it even looks as if the better aggregate stability of the 
FYM and CSL plots (Figures 7.2 and 7.3) can be directly linked with the 
higher amount of earthworms in these plots. However, one must be aware 
that the soil physical properties were determined only once during the 
experimental period and that, at the time of this determination (March 2006), 
significant differences in earthworm abundance between the amended and 
unamended plots were observed, but not yet among the organic treatments 
(Figure 6.1). Only at later earthworm samplings, differences in the 
earthworm abundance among the organic treatments occurred (Figures 6.2, 
6.3 and 6.4). Therefore, a new determination of the soil physical properties in 
the future would be valuable. If the differences in aggregate stability between 
the FYM and CSL plots on the one hand and the compost plots on the other, 
that were observed in spring 2006, would be confirmed or even more 
pronounced in the future, then they may be (partially) attributed to the 
differences in earthworm abundance, since this is one of the only 
parameters affecting aggregate stability for which considerable differences 
among the five organic treatments were found. 
 
9.2.1.3 Influence of crop growth 
Crop growth and yield were, as expected, higher on all fertilized plots as 
described in Chapter 3. While the development of roots is strongly influenced 
by soil structure, plants, in return, also influence the form and stability of this 
structure. Plant roots and root hairs can enmesh and stabilize soil 
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aggregates of millimeter size (Tisdall and Oades, 1982). We assume that the 
absence of a crop may also have contributed to the lower aggregate stability 
of the NF- plots. Therefore, we can expect the difference in aggregate 
stability between the NF+ and NF- plots to become more pronounced in the 
future. Although no measurements of the belowground, i.e. root biomass 
were conducted in this study, the overall effect of the plants on the 
aggregate stability was probably limited, since by applying compensatory 
mineral N, we aimed for equal crop growth on all fertilized plots. Despite the 
observed equal crop growth (Chapter 3), significant differences in soil 
physical properties between the five organic amendments and the MIN N 
plots were observed. Although fine roots can form a dense network which 
can entangle or enmesh soil particles and form aggregates, indirect effects 
such as associated microbial activity in the rhizosphere or the release of 
binding material (mucilage) have often been invoked to explain the apparent 
relationship between fine roots and aggregate stability (Kay and Angers, 
2002).  
 
9.2.2 Hydraulic conductivity 
Owing to an increased aggregate stability, it is believed that the total pore 
volume and hence the hydraulic conductivity will also increase (see Chapter 
7). The link between the aggregate stability and the parameters discussed in 
the previous paragraphs therefore also applies for the hydraulic conductivity. 
Between the hydraulic conductivity and the microbial biomass (sampled on 
25/04/06) a significant correlation of r=0.76 (p<0.05) was recorded. The 
correlation with the earthworm abundance, sampled in May 2006, was not 
significant (p<0.05), although the correlation coefficient was not negligible 
(r=0.61). 
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9.2.3 Perspectives for the soil physical properties 
The observed changes in the soil physical properties in spring 2006, i.e. after 
only one year or two OM applications, were rather surprising, as we thought 
changes would be significant after only two or more years. Therefore, an 
extra determination of these physical properties during the experimental 
period would have been valuable. Since extra data are unavailable, we are 
confined to assumptions. Based on the various influencing parameters, it is, 
however, hard to predict how these soil physical properties have changed 
since 2006 or will change in the future. Although for all discussed 
parameters (SOC content, micro-organisms, earthworms and other soil 
fauna, crop) a clearly positive influence on soil structure was recorded in 
literature, which was confirmed in the present study, it is difficult to assess 
which of the parameters has the greatest influence on the soil physical 
properties. 
If soil microbial biomass or crop growth are the main influencing parameters, 
then we assume that no considerable differences in soil physical properties 
will occur among the five organic amendments, since no differences in these 
parameters were recorded till now. In contrast, if earthworms are more 
important, then we may suppose that the FYM and CSL plots would have the 
best soil physical properties. However, solely based on the SOC content 
(Table 3.3), we may expect the CSL plots to have a lower aggregate stability 
and hydraulic conductivity. In a 9-year study on a sandy loam soil Leroy et 
al. (2008) found that a yearly application of 22.5 ton ha-1 VFG compost 
resulted in a significantly (p<0.05) higher aggregate stability and hydraulic 
conductivity compared to the application of ca. 40 ton ha-1 yr-1 cattle slurry, 
which could be linked with the lower SOC content of the latter plots. 
We can conclude that, although significant correlations were recorded, none 
of the investigated parameters individually can reliably explain the in spring 
2006 observed differences in aggregate stability and hydraulic conductivity 
among the five amendments. Hence, we speculate that a combined effect of 
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these parameters determines the changes in the soil physical properties. 
This complexity hampers sound forecasts.  
 
9.3 Carbon and nitrogen mineralization 
9.3.1 Influence of soil physical properties 
The changes in soil physical properties will in turn influence other soil 
functions and processes. Soil structure is a dominant influencing parameter 
of microbially mediated processes in soils such as mineralization (Golchin et 
al., 1998). It controls C and nutrient cycling through its influence on aeration, 
on soil water content and on habitable pore space and hence on the soil 
biota (Killham et al., 1993). However, the effect of a changed soil structure 
on the C and N mineralization is not straightforward. On the one hand, a 
better soil structure will enhance the circumstances in which mineralization 
can take place (one must be aware that in this study the incubation 
experiments were conducted in standardized lab conditions, resulting in 
optimal circumstances): it allows a better aeration and draining of the soil 
and by ameliorating their habitats, it supports larger populations of 
mineralizing soil flora and fauna. On the other hand, the formation and 
stabilization of soil aggregates also provide stability to the organic 
compounds located inside aggregates. The decay of particulate organic 
matter (POM) within macroaggregates facilitates the adhesion of mineral 
particles to organic residues, thus forming stable microaggregates within 
macroaggregates (Oades, 1984). These microaggregates persist following 
the breakdown of larger macroaggregates and form a pool of physically 
protected C with much reduced turnover rates relative to free POM (Six et 
al., 1998). This physical protection by aggregates is further indicated by the 
positive influence of aggregation on the accumulation of SOM (Six et al., 
2002). Disruption of soil aggregates usually leads to a flush in C and N 
mineralization, which has been attributed to the release or increased 
Chapter 9 
 172 
accessibility of physically protected SOM (Beare et al., 1994). Although the 
soil structure undoubtedly influences the C and N mineralization, it is difficult 
to assess whether this influence is generally net positive or negative. 
Nevertheless, in this study, we can assume that the better soil structure 
resulted in an increased C and N mineralization. If aggregate stability, 
expressed as the stability index (Figure 7.2), was used as an indicator of soil 
structure, this soil structure could be well correlated with the C and N 
mineralization: for the C mineralization a significant (p<0.05) correlation 
coefficient r=0.72 was recorded, while this coefficient r=0.67 was not 
significant (p<0.05) for the N mineralization. However, this correlation was 
based on the incubation experiments of autumn 2007, while for the 
aggregate stability the results of spring 2006 were used due to the lack of 
more recent data. Possible changes in these soil physical properties as 
discussed in paragraph 9.2.5 may have resulted or will result in other 
correlations. 
However, from Table 7.1, we also know that the increase in SOC content 
following the organic matter applications was almost entirely due to the 
increased amount of OC in the free POM fraction. This fraction constitutes 
OM that is not included within microaggregates and hence is believed to be 
unprotected OM (Six et al., 2002). The amount of OC in this fraction was 
significantly correlated (p<0.01) with the N mineralization (r=0.88), while this 
was insignificant (p<0.05) for the C mineralization (r=0.58), mostly due to the 
unexpectedly high C mineralization in the CMC1 plots (Table 8.2). The high 
correlation with the N mineralization was rather unexpected, since this 
fraction is believed to have a high C/N ratio and, hence, a low N 
mineralization potential (Six et al., 2002). The iPOM and the silt+clay sized 
OM fractions, which require decades to change, were hardly affected in our 
study. Therefore, we hypothesize that the possibly negative influence of a 
better soil structure on mineralization, through the protection of OM in these 
fractions as described above, was negligible in this study. Hence, we can 
assume that the increase in the amount of OC in the free POM fraction and 
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the total SOC content, and the consequent increase in soil structure 
positively influenced the C and N mineralization. 
 
9.3.2 Influence of micro-organisms and faunal grazing 
Besides the soil structure, mineralization of nutrients is directly governed by 
the activities of bacteria and fungi. In this study, the microbial biomass was 
considerably higher in plots receiving organic amendments (Table 4.2), 
which can be directly linked with the on average higher C and N 
mineralization in these plots. Both parameters were well correlated, with a 
correlation coefficient of r=0.94 (significant, p<0.01) between the C 
mineralization and the microbial biomass sampled on 25/09/07 (one month 
after the sampling for the incubation experiments) and r=0.69 (not 
significant, p<0.05) between the N mineralization and the microbial biomass. 
However, the ability of microbes to break down and mineralize organic 
matter, is affected strongly by soil animals that live alongside them (Bardgett, 
2005). These soil animals affect the nutrient cycling through their selective 
feeding on microbes (grazing), which alters microbial activity, abundance 
and community structure. The effects of microbial-feeding microfauna on 
microbial activity and nutrient mineralization are generally positive (Mikola et 
al., 2002). Enhanced C mineralization results from increased turnover rate, 
activity and respiration of grazed microbial populations (Mikola and Setälä, 
1998; Cole et al., 2000), whereas enhanced N mineralization is mainly due 
to direct animal excretion of excess N (Woods et al., 1982). In general, 
grazers like nematodes or protozoa, have lower assimilation efficiencies than 
the microbes upon which they graze, and therefore they produce lots of 
excrements containing biologically available nutrients. E.g. protozoa preying 
on bacterial populations are assumed to release about one-third of the N 
consumed (Bardgett, 2005). This release of nutrients into the soil system is 
effectively a remobilization of the nutrients that were bound up in the 
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microbial biomass and is therefore called the “microbial loop” (Clarholm, 
1985).  
The significance of this microbial loop is that nutrients released from 
microbial biomass by grazers increase the availability and uptake of nutrients 
by plants (Clarholm, 1985). For example, a study of Ingham et al. (1985) 
compared the plant growth in pot experiments in a sterile soil, soil with 
micro-organisms and soil with micro-organisms and microbial feeding 
nematodes. The study showed that the addition of micro-organisms together 
with microbial-feeding nematodes enhanced the N uptake and plant growth 
considerably, while the addition of solely micro-organisms resulted in only a 
small increase in uptake and growth. Similarly, Bardgett and Chan (1999) 
showed that, when acting together, springtails and nematodes increased 
concentrations of ammonium in the soil solution, leading to increased plant 
nutrient uptake. There is thus evidence to suggest that faunal grazing on 
microbes can enhance microbial activity and hence the mineralization 
process and the availability of nutrients for plants. 
Therefore, the results of the mineralization experiments in our study can also 
be related to the nematode population, being grazers of the micro-
organisms. The number of the microbial-feeding nematodes (bacterivores 
and fungivores) of the last nematode sampling was, however, difficult to link 
or interpret, since due to the extreme drought during April 2007 (Table 2.4), 
these numbers most likely are not very representative. For the first two 
samplings, the total amount of microbial-feeding nematodes was in general 
higher on all fertilized plots, including the MIN N plots. Between the amount 
of microbial-feeding nematodes sampled in autumn 2006 (Table 5.4) and the 
N mineralization rate determined during the incubation experiment (Table 
8.1), starting only two weeks after this nematode sampling (Figure 2.3), a 
(not significant, p<0.05) correlation was found of r=0.61, suggesting a 
relationship of these nematodes with the N mineralization and hence N 
release. At the same sampling moment, the number of the microbial-feeding 
nematodes in the MIN N plots is comparable to that in the compost plots. 
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This can possibly partially explain the relatively high N mineralization rate in 
these plots (Table 8.1). Ferris et al. (2004) also found that a greater 
biological activity in the soil enhanced concentrations of available mineral N 
and that this mineral N concentration was associated with the abundance of 
microbial-feeding nematodes. 
Effects of biotic interactions in soil on mineralization and nutrient release are, 
however, complex and involve a diversity of species from more than one 
trophic group. For example, the effects of fungal-feeding Collembola on 
nutrient cycling have been shown to become apparent only when they are 
interacting with microbial-feeding nematodes (Bardgett and Chan, 1999). 
Likewise, it has been demonstrated that combinations of soil animals, as 
opposed to a single group of soil fauna, has a synergistic effect on the 
microbial community, resulting in enhanced mineralization (Setälä et al., 
1991). Ferris et al. (2004) considered nematodes as useful bioindicators of 
other organisms and trophic species that fulfill similar functional roles in the 
food web, thereby hypothesizing that if the bioindicator species are 
abundant, the whole of the functional group that they represent is also active 
and abundant. They also stated that environmental conditions, favoring the 
increase of microbial-feeding nematodes, probably also favor the abundance 
of the other microbial grazers, including e.g. protozoa. Hence, we assume 
that the increase in the number of bacterivorous and fungivorous nematodes 
which we observed in the fertilized plots, may have been accompanied with 
a similar increase of other soil biota, positively influencing the mineralization. 
To take away these presumptions, it is recommended to determine the 
populations of other key organisms of the soil food web in the future. 
Particularly the characterization of protozoa, being major contributors to 
mineralization (Hunt et al., 1987), may facilitate the interpretation of the 
results of the mineralization experiments.  
Moreover, animals also prey on each other further complicating the 
interpretation of the effects of soil fauna on ecosystem processes. Research 
studying the predation in soil food webs reveals that manipulation of 
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predatory fauna can have considerable effects on processes of 
decomposition and mineralization and that these effects can be both positive 
and negative, depending on the particular circumstances (Bardgett, 2005). 
Santos et al. (1981) found that reductions in predatory mites led to increased 
abundance of their prey, bacterivorous nematodes, which in turn led to 
reduced microbial growth and activity (i.e. decomposition). In contrast, in 
other studies reductions in abundance of microbial-feeding nematodes by 
predation have led to neutral (Laakso and Setälä, 1999) or negative 
(Bouwman et al., 1994; Setälä et al., 1999) effects on nutrient mineralization. 
Based on these studies, we may conclude that determination of other 
representatives of the soil food web in the future would enhance our 
understanding of the mineralization data, since we hypothesize that these 
predator organisms are also affected by the different fertilizer treatments. So, 
there is a need to define a set of relevant indicator organisms in order to 
better understand the specific role of the soil food web on nutrient 
mineralization. 
 
9.3.3 Influence of earthworms 
Earthworms consume vast amounts of organic matter. This OM is consumed 
along with soil mineral particles and these two fractions are mixed together 
in the earthworm gut and egested as casts on the soil surface or 
belowground, depending on the earthworm species and location of the food 
source (Binet and Le Bayon, 1999). It is widely documented that these casts 
contain significantly greater numbers of microbes and have higher enzyme 
activities than the surrounding soil, because the casts are rich in organic 
matter and available nutrients and therefore provide a better substrate for 
microbial growth. As a result, rates of decomposition and C mineralization in 
soil are significantly enhanced by the presence of earthworms (Cortez et al., 
1989). Similarly, rates of N mineralization have been found to be greater in 
earthworm casts relative to surrounding soil (Lavelle and Martin, 1992). As 
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for the microbial biomass and the number of microbial-feeding nematodes, 
the higher mineralization rate on the fertilized plots may be linked with the 
higher earthworm numbers in these plots. The N and C mineralization rates 
(Tables 8.1 and 8.2) could be correlated with the earthworm numbers, 
sampled in September 2007, i.e. one month after the sampling for the 
incubation experiments (Figure 2.3), with r=0.50 and r=0.60 (not significant, 
p<0.05) respectively. These rather low correlation coefficients were partly 
owing to the significantly higher earthworm numbers in the CSL and the FYM 
plots (Figure 6.4), while this did not result in considerably higher 
mineralization rates (Tables 8.1 and 8.2). Furthermore, the effect of 
earthworms on the mineralization rates in this study should not be overrated. 
Although our mineralization experiments were conducted in the lab on 
disturbed soil samples in which earthworm casts were probably present, the 
earthworms were systematically removed from the samples when filling the 
plastic tubes for incubation and hence were absent during incubation. 
Therefore, the direct effect of earthworms on the mineralization is negligible, 
which might explain the low recorded correlation coefficients. 
Therefore, in the future, it would be very valuable to conduct C and N 
mineralization experiments in situ, i.e. on the field in stead of in the lab. 
Although this will be undoubtedly more labor intensive, the results would 
probably approach more closely the real mineralization rates. Side effects as 
the disturbance of soil and the exclusion of certain representatives of the soil 
food web from the incubation tubes can be avoided in this way. 
 
9.3.4 Perspectives for the carbon and nitrogen mineralization 
Based on the higher soil organic C and total N content, the better soil 
physical properties and the higher amount of soil biota, all positively 
influencing mineralization, the higher mineralization coefficients of the 
fertilized plots can be explained. However, as for the soil physical properties, 
none of the discussed parameters individually can unequivocally explain the 
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observed differences in C and N mineralization among the five organic 
amendments. E.g. the high C mineralization rate in the CMC1 plots was 
surprising and seemed inexplicable based on the investigated parameters. 
Again we may conclude that a combination of these and other, not 
investigated parameters resulted in the observed differences. One of the 
most important parameters which should be determined in the future is the 
microbial activity. Microbial biomass and activity are undoubtedly closely 
related since it is through the biomass that the transformations of important 
nutrients (C, N, P, S) occur. Nevertheless, the microbial biomass gives no 
direct indication of the microbial growth or activity (Frankenberger and Dick, 
1983). Soil enzymes such as dehydrogenase, urease, α- and β-glucosidase 
and many others, are in general used as good indicators of microbial growth 
and activity in soils (Frankenberger and Dick, 1983; Dick, 1984; Curci et al., 
1997; Roldan et al., 2005). Therefore, the determination of the enzyme 
activity would probably yield a better understanding and interpretation of the 
mineralization results. As stated before, the determination of other key 
organisms of the soil food web (e.g. protozoa) could also clarify the link 
between the soil biota and the mineralization data.  
 
9.4 Conclusions and scope for future research 
9.4.1 General 
As stated in Chapter 1 the aim of the present study was to investigate the 
effects of the application of different kinds or qualities of organic 
amendments, used or usable in Belgian agriculture, on the SOC content and 
the soil physical, chemical and biological properties, influenced by this 
possibly changed SOC content, without losing track of the interrelationships. 
As described in the previous chapters, considerable differences in the 
investigated parameters owing to the different fertilizer regimes were 
observed. Despite the relatively high doses of applied organic matter (11500 
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kg C ha-1), the observed differences during and at the end of the two and a 
half years of experimental period, were rather surprising and unexpected, 
e.g. the pronounced differences in earthworm abundance and soil physical 
properties.  
Although many of the documented interrelationships between the 
investigated parameters were also recorded in this study, they could not 
adequately explain all recorded differences, especially the differences 
between the five organic amendments. A longer experimental period 
certainly will help to enhance our understanding of the observed differences. 
Since soil is a complex and buffered medium, it is believed to respond rather 
slowly to a change in external influences such as agricultural management 
(e.g. fertilization). Therefore, a larger time scale is necessary to clearly 
observe all changes in soil physical, chemical and biological properties 
induced by the eight fertilizer treatments. 
 
9.4.2 Disease suppressiveness 
Besides the increase of microbial-feeding nematodes in the fertilized plots 
and the greater share of fungivorous nematodes in this increase in the 
compost plots, Chapter 5 also revealed a significant decrease in the number 
of parasitic nematodes in the CSL and to a lesser extent in the FYM plots. 
Till now, these differences did not result in a visually different crop growth or 
a perceptibly different yield among the amended treatments (see Chapter 2). 
Although no sound explanation could be given for these lower herbivore 
nematode numbers, it makes us hypothesize that the organic amendments 
may influence the occurrence and abundance of other plant pathogens. 
From Chapter 1 we know that several organic amendments have been 
proven to effectively suppress certain plant pathogens. Furthermore, as 
described in Chapter 2, disease suppressiveness has been often ascribed to 
the farm compost (CMC) by its producers and sellers. We assume that the 
amount of applied OM was sufficiently high to provoke (future) differences in 
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the regulation of pathogens. Hence, it might be rewarding to test this 
hypothesis. 
 
9.4.3 Quality of exogenous organic matter 
In this study, we investigated the interactions and feed back mechanisms 
between the soil biota, the C and N turnover and the soil structure as a 
function of the quality of exogenous organic matter. At the end of this study, 
one can ask: “Which of the five applied organic amendments is the best to 
apply and hence, has the highest quality or agronomic potential?”. 
Taking all investigated parameters into account, cattle slurry was actually the 
best of all applied amendments: the microbial biomass was in general 
comparable to that in the other amended plots; the amount of microbial-
feeding nematodes was (partly because of the dauerlarvae) considerably 
higher, while the amount of plant-parasitic nematodes was significantly 
suppressed by this amendment; the earthworm number and biomass were 
significantly higher; the aggregate stability, determined via two methods was 
also significantly greater and the mineralization rates were comparable to 
those of the other amendments. 
However, as already discussed in the respective chapters, some of the 
observed results were rather surprising, e.g. the suppression of the plant-
parasitic nematodes and the greater aggregate stability. These parameters 
certainly need further research and evaluation in the future to find out if 
these cattle slurry effects are sustained in the long(er) term. When 
discussing the positive influences of cattle slurry, one will automatically refer 
to the combined use of cattle slurry and crop residues in this research. As 
stated in Chapter 2, we realize that, although only ca. 38% of the total 
amount of organic C was applied as crop residues, this will undoubtedly 
have influenced the results. Especially the soil physical properties may have 
been affected by the application of these residues (certainly by the straw, 
being a stable form of OM), since these were only applied at the first two OM 
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applications (spring and autumn 2005) and the soil physical properties were 
determined only one year after the start of the experiment (spring 2006). 
Concerning the plant-parasitic nematodes, the effect of the crop residues 
was probably limited, since the suppression of these nematodes occurred 
during the whole experimental period, even at the last nematode sampling 
(spring 2007) which was one and a half year after the last application of crop 
residues (autumn 2005).  
We may consider farmyard manure as the second best organic amendment. 
The effects of the farmyard manure are in general comparable to those of 
cattle slurry and hence, a similar summary of its positive influences as for 
cattle slurry can be made. 
At the start of this research, we did not expect these two amendments, to 
yield the “best” results. In general, composts are often recommended as 
“better” organic amendments owing to their disease suppressiveness, their 
better potential to increase the soil organic C content, their positive effects 
on the soil structure and soil food web, …  
However, the studied period was too short to make conclusive and 
generalizing statements.  
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Illustration:  
Manual application of the organic amendments (VFG compost) on 06/10/05 
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Summary 
In the present study, we investigated the effects of the application of different 
qualities of organic amendments on the SOC content and the soil physical, 
chemical and biological properties. From literature, it is known that an 
increased SOC content, following the application of organic amendments, 
influences several soil properties and functions. However, while in literature 
the number of amendments and investigated properties is usually limited, we 
wanted to investigate the effect of a series of amendments on numerous soil 
properties, without losing track of the interrelationships. For this purpose, we 
designed and established a field experiment in which eight different fertilizer 
treatments (farmyard manure; vegetable, fruit and garden waste compost; 
two types of farm compost; cattle slurry + crop residues; mineral fertilizer; 
and two treatments without fertilization (one with a crop and one without)) 
were compared in four replicates.  
Since the term “quality” refers to the composition of the applied organic 
amendments, we decided to apply equal amounts of C on all amended plots, 
as was done in only a few similar studies in literature. Besides the 
application of equal amounts of carbon, we also intended to equalize the 
crop growth on all fertilized plots, since crop growth strongly influences soil 
functions and properties (e.g. by root exudation). We therefore corrected for 
differences in the plant available N content of the organic amendments by 
applying extra mineral N. 
The results of the yield determinations of two of the four crops during the 
experimental period, showed that the applied amounts of nutrients were 
correctly calculated to aim for equal crop growth on all fertilized plots. 
Moreover, the high amounts of applied organic amendments (in total 11500 
kg C ha-1), did not result in excessive amounts of residual mineral N in the 0-
90 cm soil layer, as demand by legal prescription in Flanders between 
October 1 and November 15. Owing to the repeated application of the 
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amendments, the SOC content and the total N content increased in the 
organically amended plots.  
Although the microbial biomass was in general higher on the amended plots, 
the composition of the microbial population, determined through PLFA-
analysis, was only to a limited extent influenced by the different fertilizer 
treatments. In contrast, we found obvious indications that in the short term 
period of this experiment, the seasonal variation and hence the sampling 
moment had a more pronounced impact on the microbial community 
structure than the fertilizer treatments. However, when comparing the data of 
the three subsequent experimental years, we assume the effect of the 
repeated fertilizer applications continued to increase and may lead to 
considerable changes in the microbial community structure in the future. Till 
now, no consistent link between any of the treatments and certain PLFAs or 
microbial groups could be demonstrated. An exception is the slightly higher 
amount of fungal PLFA in the compost amended plots, resulting in a lower 
bacteria to fungi ratio. 
In contrast to the microbial population structure, the nematode population 
was significantly affected by the repeated fertilizer applications. This was 
supported by a higher EI and lower MI in the organically amended plots, 
owing to an increased abundance of enrichment opportunists. However, 
among the five organic amendments, differences were recorded in the 
nematode population. While in the farmyard manure and cattle slurry plots, 
more bacterivorous nematodes were present, a higher amount of 
fungivorous nematodes occurred in the compost amended plots, supporting 
the trend of the higher amount of fungal PLFA in these latter plots. Moreover, 
the higher CI of these plots also indicated a higher proportional flow along 
the fungal decomposition pathway, while the farmyard manure and cattle 
slurry plots had a lower CI and hence a predominantly bacterial 
decomposition. Surprisingly, and hard to explain, the cattle slurry and to a 
lesser extent the farmyard manure, negatively affected the presence of 
plant-parasitic nematodes. 
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From the investigated representatives of the soil food web, the earthworm 
population showed the most pronounced changes following the application 
of the different organic amendments. Moreover, the earthworm population 
seemed to have reached an equilibrium, since their abundance remained 
more or less constant from the earthworm sampling in autumn 2006 
onwards. In plots amended with cattle slurry and farmyard manure, the 
highest earthworm abundance was recorded, while the lowest was found in 
the unamended plots. The compost plots had intermediate values. Since the 
SOC content of the amended plots was similar, we hypothesize that the 
observed large differences in earthworm population size between the 
farmyard manure and cattle slurry treatments on the one hand and the three 
compost treatments on the other hand were caused by differences in the 
chemical properties, and hence nutritional value for earthworms, of the 
applied amendments. We speculate that manure and slurry provided 
earthworms with larger amounts of available C sources for direct 
consumption than the composted organic materials which were more 
humified and stabilized. 
Although only once determined during the experimental period, one year 
after the start of the experiment, the soil physical properties were 
considerably affected by the fertilizer treatments: a greater aggregate 
stability and hydraulic conductivity were recorded on the organically 
amended plots. These results were rather surprising after such a short time 
period, but the observed differences among the five organic amendments 
could not always be unequivocally explained. Of the different SOM fractions, 
only the POM fraction was influenced i.e. increased by the OM applications, 
being a relatively unprotected SOM pool. No effect on the iPOM and silt+clay 
sized OM fractions were recorded, since these fractions need a much longer 
time period (up to decades) to be affected by agricultural management (e.g. 
fertilization). 
Both for N and for C, higher mineralization rates were observed in plots 
receiving organic amendments. This was undoubtedly due to the OM 
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application and hence the higher SOC and total N content of these plots. 
While for N, different mineralization rates were observed among the organic 
amendments, probably linkable with the quality of the applied amendments, 
a similar C mineralization rate was recorded for all five organic treatments. A 
surprising exception was the higher C mineralization rate of the plots 
amended with the farm compost with a high C/N ratio, which could not be 
explained by the parameters investigated. 
In the general discussion of this study, it was indicated that several of the 
above described results could be well related with each other. Several 
significant correlations were recorded. Despite these correlations, the 
interrelationships could not adequately explain all differences. Hence, we 
presume that other factors are involved and that future determination of 
other influencing parameters will enhance our understanding and improve 
the interpretation of the observed differences. A most important remark is 
that a longer experimental period is necessary to satisfactorily monitor all 
changes in soil properties and functions, since soil is a very slow changing 
medium. It is therefore recommended to continue the experiment to clearly 
observe all changes in soil physical, chemical and biological properties 
induced by the eight fertilizer treatments. 
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Illustration: 
Overview of the experimental field with snow on 01/03/06 (winter wheat) 
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Samenvatting  
Dit proefschrift onderzocht het effect van verschillende kwaliteiten van 
organisch materiaal (OM) op het bodem organisch C (BOC) gehalte en 
uiteenlopende bodemfysische, -chemische en -biologische parameters. Uit 
de literatuur weten we dat de toename van het BOC gehalte, als gevolg van 
de toediening van OM, verschillende bodemparameters en bodemprocessen 
beïnvloedt. Terwijl in de literatuur het gebruikte aantal soorten OM en de 
onderzochte bodemparameters doorgaans vrij beperkt zijn, wilden wij het 
effect van meerdere soorten OM op uiteenlopende bodemparameters 
onderzoeken, zonder daarbij het onderlinge verband tussen deze 
parameters uit het oog te verliezen. Hiervoor werd een veldproef ontworpen 
en aangelegd, waarin acht verschillende behandelingen (stalmest; groenten, 
fruit en tuincompost; twee soorten boerderijcompost; drijfmest en 
oogstresten; enkel minerale bemesting; en twee behandelingen zonder 
bemesting (één met en één zonder gewas)) onderling werden vergeleken in 
vier herhalingen. 
Aangezien de term “kwaliteit” verwijst naar de samenstelling van het 
toegediende OM, hebben we ervoor gekozen op alle organisch bemeste 
percelen dezelfde hoeveelheid C toe te dienen. Een dergelijke uniformiteit is 
slechts zelden terug te vinden in de literatuur. Omdat niet alle aangewende 
bronnen van OC dezelfde hoeveelheid nutriënten bevatten, hebben we via 
minerale bemesting de plantbeschikbare N zoveel mogelijk gelijkgeschakeld. 
Immers, ook de gewasgroei beïnvloedt bodemfuncties en -processen (vb. 
door wortelexudaten). Het was daarom noodzakelijk, althans op de bemeste 
perceeltjes, een zo homogeen mogelijke gewasgroei na te streven.  
Bij het bepalen van de oogst van twee van de vier geteelde gewassen bleek 
dat de toegediende hoeveelheden nutriënten correct berekend werden om 
tot een gelijke gewasgroei te komen. Bovendien werden geen uitzonderlijk 
hoge gehalten aan residuele minerale N gemeten in de 0-90 cm bodemlaag 
(zoals opgelegd door het Vlaamse Mestdecreet tussen 1 oktober en 15 
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november), ondanks de grote hoeveelheid OM die tijdens de duur van dit 
onderzoek werd toegediend (11500 kg C ha-1). Als gevolg van de herhaalde 
toediening van OM, steeg het BOC en totale N gehalte in de organisch 
bemeste percelen. 
Ondanks het feit dat de microbiële biomassa in het algemeen hoger was in 
de organisch bemeste perceeltjes, veranderde de samenstelling van de 
microbiële gemeenschap, bepaald via PLFA analyse, slechts in beperkte 
mate door de bemestingen. Op korte termijn bleek zelfs dat de 
waargenomen verschillen in de microbiële gemeenschap veel meer te wijten 
waren aan het tijdstip van staalname dan aan de bemestingen. Nochtans 
stelden we vast dat, bij het vergelijken van de gegevens uit de proefperiode 
(2005-2007), het effect van de verschillende bemestingen zich langzaam 
manifesteerde, en in de toekomst mogelijk tot duidelijke verschillen kan 
leiden. Echter, voorlopig kon geen duidelijke verband aangetoond worden 
tussen de behandelingen enerzijds en bepaalde vetzuren of groepen van 
micro-organismen anderzijds. Een uitzondering hierop vormden de 
perceeltjes behandeld met compost, die een enigszins hoger gehalte aan 
schimmel PLFA hadden en daardoor een lagere bacterie/schimmel 
verhouding. 
In tegenstelling tot de microbiële gemeenschap, werden de nematoden wel 
in sterke mate beïnvloed door de verschillende bemestingen. Dit bleek uit 
een hogere “enrichment index” (EI) en lagere “maturity index” (MI) van de 
organisch bemeste percelen, als gevolg van een sterk toegenomen aantal 
“enrichment opportunists”. Bovendien werden verschillen vastgesteld in de 
nematodenpopulatie tussen de uiteenlopende behandelingen. Op veldjes 
behandeld met stal- en drijfmest waren meer bacterievore nematoden 
aanwezig, terwijl op de veldjes waarop compost toegediend werd, meer 
fungivore nematoden voorhanden waren. Dit bevestigde de trend van het 
hoger schimmel PLFA gehalte op deze percelen. Voorts wees de hogere 
“channel index” (CI) van deze veldjes op een groter belang van schimmels in 
de afbraak van organische stof, terwijl de percelen met stal- en drijfmest een 
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beduidend lagere CI hadden, wijzend op een vooral bacteriële afbraak. Tot 
slot bleek dat zowel de drijfmest als de stalmest een duidelijk onderdrukkend 
effect hadden op de aanwezigheid van plantparasitaire nematoden, wat 
onverwacht en moeilijk te verklaren was. 
Van de onderzochte organismen van het bodemvoedselweb werden de 
regenwormen het sterkst beïnvloed door de verschillende behandelingen. 
Aangezien vanaf de bemonstering in het najaar van 2006 de 
regenwormpopulatie min of meer constant bleef, konden we zelfs 
veronderstellen dat de populatie een evenwicht bereikte. Regenwormen 
waren het talrijkst in de percelen behandeld met stal- en drijfmest, terwijl de 
laagste aantallen voorkwamen in de percelen zonder organische bemesting. 
De composten resulteerden in tussenliggende aantallen. Aangezien het 
BOC gehalte van alle organisch bemeste percelen gelijkaardig was, 
veronderstellen we dat de chemische eigenschappen en dus de 
voedingswaarde van het organisch materiaal voor de regenwormen 
bepalend waren voor de grote verschillen in omvang van de 
regenwormpopulaties. We vermoeden dat stal- en drijfmest meer makkelijk 
beschikbare C bevatten in vergelijking met de composten die gehumificeerd 
en dus stabieler zijn. 
Ondanks het feit dat de bodemfysische eigenschappen slechts één jaar na 
de start van deze studie onderzocht werden, bleek toch al dat deze in sterke 
mate beïnvloed werden door de behandelingen: de organische bemestingen 
zorgden onmiddellijk voor een beduidend betere aggregaatstabiliteit en 
hydraulische geleidbaarheid. Van de verschillende bodem organische stof 
(BOS) fracties, vergrootte enkel de particulair organisch materiaal (POM) 
fractie door de organische bemestingen. De  gebonden POM fractie en de 
leem en klei geassocieerde OM fractie veranderden niet, aangezien deze 
fracties een veel langere tijdspanne nodig hebben (decennia) om te wijzigen 
als gevolg van veranderde landbouwpraktijken (vb. bemesting). 
De organische bemestingen resulteerden zowel voor N als C in hogere 
mineralisatiecoëfficiënten. Dit was uiteraard te wijten aan het hogere BOC 
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en totale N gehalte als gevolg van de bemesting. Voor N werden verschillen 
in mineralisatiecoëfficiënt vastgesteld tussen de organische bemestingen 
onderling, wat waarschijnlijk te maken heeft met het verschil in kwaliteit van 
deze bemestingen. Voor C daarentegen waren de mineralisatiecoëfficiënten 
van de organisch bemeste percelen gelijkaardig. Een uitzondering hierop 
vormde de boerderijcompost met een hoge C/N verhouding: deze percelen 
hadden een verrassend hoge C mineralisatiecoëfficiënt die op basis van de 
onderzochte parameters niet kon verklaard worden. 
In de algemene discussie van dit onderzoek werd via significante correlaties 
aangetoond dat veel van de waargenomen verschillen met elkaar in verband 
staan. Ondanks deze correlaties, konden de onderlinge verbanden niet alle 
waargenomen verschillen afdoende verklaren. Bijgevolg veronderstellen we 
dat ook andere parameters de waargenomen verschillen beïnvloeden en dat 
onderzoek van deze parameters het verklaren en interpreteren van deze 
verschillen in de toekomst zal vergemakkelijken. Het belangrijkste besluit 
van dit onderzoek is echter dat een langere proefperiode nodig is om alle 
wijzigingen in bodemparameters en -functies als gevolg van de acht 
verschillende behandelingen te kunnen optekenen, aangezien de bodem 
een slechts heel traag veranderend medium is. Daarom is het ten zeerste 
aan te raden deze studie verder te zetten.  
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Eindelijk, het ligt er… Drie en half jaar geleden bij de start nog zo ver af, dan 
na jaren onderzoek plots heel tastbaar nabij, om vlak voor nieuwjaar toch 
weer heel even onbereikbaar ver te lijken. Maar nu is het er, defintief! 
Echter, in tegenstelling tot wat op de kaft van dit boekje vermeld staat, zijn er 
eigenlijk veel meer auteurs; allemaal mensen die een kleine of grote bijdrage 
leverden tot het welslagen van dit onderzoek. Het is verbazingwekkend 
hoeveel mensen meehielpen om dit doctoraat er inhoudelijk te laten uitzien 
zoals het er nu uitziet. Al die mensen vermelden op de kaft mocht echter 
niet, maar ik hou eraan ze hier uitvoerig te bedanken. 
 
Dirk, bedankt voor alles! Ik heb steeds bijzonder graag met je 
samengewerkt, ook al tijdens mijn masterthesis. Je volgde het onderzoek 
schijnbaar vanop een afstand, maar in de praktijk van heel nabij op. Jij was 
er toen we voor de eerste keer bemestten, regenwormen bemonsterden, 
plantten, oogstten… Ik genoot bovendien van onze soms lange gesprekken, 
waarvoor je geregeld tijd maakte: ze begonnen steevast over het onderzoek 
en de al bereikte resultaten, maar eindigden vaak over heel andere 
onderwerpen. Ze zorgden er bijna altijd voor dat ik met “nieuwe goesting” 
weer aan de slag ging. Van motivatie en interesse gesproken… Voorts heb 
ik bijzonder veel geleerd van je kritische realiteitszin rond onderzoek en 
wetenschap, wat dat laatste ook moge zijn. Bedankt ook voor alles tijdens 
de afgelopen, hallucinante weken en maanden. De vele babbels en mails 
met postieve energie waren broodnodig, maar deden ontzettend deugd. 
Merci om me er doorheen te helpen.  
 
Maurice, ook al stond je misschien iets verder van het onderzoek, toch wil ik 
ook jou uitdrukkelijk bedanken. Ik besef immers dat het niet vanzelfsprekend 
was dat mijn nematodenstalen zomaar op het ILVO konden geanalyseerd 
worden. Voorts slaagde je erin me op de valreep nog naar mijn allereerste 
(nematoden)symposium te laten gaan, waar ik contacten kon leggen met 
mensen waarmee ik later nog frequent samenwerkte. Je enthousiasme als ik 
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je mijn resultaten voorstelde of als ik je liet weten dat een artikel aanvaard 
was, waren telkens weer opmerkelijk. Bedankt ook voor je verschillende 
opmonterende mails en babbels de afgelopen maanden. Het deed en doet 
ontzettend goed te weten dat je er niet alleen voor staat en verre van de 
enigste bent met een bepaalde mening.  
 
Voorts wil ik ook alle leden van de examencommisie bedanken: enerzijds 
voor hun luisterend oor, anderzijds om dit werk na te lezen en verschillende 
opmerkingen en verbeteringen te suggereren. Bedankt ook aan de 
buitenlandse juryleden, Lijbert Brussaard en Olaf Schmidt, om toe te zeggen 
in deze jury te willen zetelen. A special thank you to Olaf Schmidt for his 
effort and the wonderfull cooperation on the earthworm chapter and article. 
 
Mijn grootste dank gaat echter uit naar “de mensen op het veld”, en in dit 
onderzoek kan deze term vrij letterlijk genomen worden. De afgelopen jaren 
zijn bergen werk (en grond) verzet in en rond het veld en in verschillende 
laboratoria. Dat werk kon ik onmogelijk alleen de baas. De afgelopen drie en 
een half jaar 
- werd er ongeveer 2600 kg stalmest, 1300 kg GFT compost, 2700 kg 
CMC1 compost, 3150 kg CMC2 compost, 5400 l drijfmest (met 
emmers van 15 l) en 1100 kg oogstresten toegediend, allemaal met 
de hand 
- werden er 4200 rode kool plantjes geplant 
- werden er 15320 kg bieten en 9000 kg bietenloof geoogst 
- werden er 9250 kg rode kolen geoogst, samen met 6650 kg loof  
- werd er tussen de 2 en 2.5 m³ bodem doorzocht op zoek naar 
regenwormen 
- werden er een kleine 35000 nematoden geïdentificeerd tot op 
species niveau 
- werden honderden buisjes gevuld voor mineralisatie-experimenten 
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- werd er, alle staalnames voor het mineraal N residu, PLFA’s en 
nematoden bij elkaar opgeteld en “onder elkaar” gemeten, geboord 
tot op een diepte van meer dan 3000 m 
 
Eerst en vooral wil ik de laboranten van de vakgroep bedanken: Tina, 
Sophie, Luc en Mathieu. Merci voor de afgelopen jaren en het vele werk dat 
jullie elk voor jullie rekening namen. Ik heb het altijd leuk gevonden dat dat 
werk in een zeer losse en aangename sfeer kon gebeuren. Ik had bijzonder 
graag de samenwerking met jullie verdergezet, maar daar werd anders over 
beslist. De stinkende kleren na het bemesten, de stijve spieren na het 
bemonsteren van regenwormen of het uittrekken van honderden bieten, het 
oogsten van rode kolen in de gietende regen… het blijven allemaal goeie 
herinneringen. 
Olle, jou wil ik hier absoluut niet vergeten, ook al werk je al een tijdje niet 
meer bij ons. Bedankt voor de twee aangename jaren samen en het mee 
helpen opstarten van de proef. Ik had regelmatig het gevoel dat je beter dan 
wie ook op de vakgroep op de hoogte was van het reilen en zeilen van mijn 
onderzoek. Onze babbels tijdens het nemen van stalen op het proefveld 
over voetbal, relaties, vrouwen en trouwen en onze “camiontellingen” zijn 
onvergetelijk. Ik hoop echt dat onze vriendschap kan blijven bestaan. 
 
Ook de mensen van de Vakgroep Plantaardige Productie wil ik uitdrukkelijk 
bedanken: Benny, Lydia, Mathias, Chris, Nathalie, Jean-Pierre en Franky. 
Jullie hielpen me allemaal om het proefveld in Melle uit de grond te stampen 
en verder te onderhouden. Heel specifiek wil ik Jean-Pierre en Franky 
bedanken. Al tijdens mijn thesis had ik het geluk met jullie te kunnen 
samenwerken, en ik was blij die samenwerking te kunnen verderzetten 
tijdens mijn doctoraatsperiode. Jullie gaven me jullie advies en mening over 
hoe oogsten, bemesten, onkruid bestrijden… en leerden me op die manier 
heel wat over de “landbouwkundige praktijk”. Ik kon telkens weer op jullie 
rekenen wanneer bepaalde zaken moesten gebeuren, zelfs dikwijls zonder 
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het expliciet te moeten vragen en dat apprecieer(de) ik enorm. Het is 
bijzonder jammer dat onze samenwerking hier moet stoppen. 
 
Nancy, ik schrok zelf toen ik het totaal aantal geïdentificeerde nematoden 
berekende, en eerlijk gezegd, ik heb het een paar keer opnieuw berekend. 
Bedankt om dit monnikenwerk te doen! Ik heb het ook altijd enorm 
geapprecieerd dat je daarnaast continu meedacht naar bepaalde redenen 
voor trends en verschillen. Bedankt ook voor je gezelschap in Wageningen, 
onze gesprekken over koers en werksituaties, je aquariumadvies (en dat van 
Lieven) en je steun tijdens de laatste weken en maanden. 
 
Voorts wil ik alle collega’s van de dienst bedanken, die mee verantwoordelijk 
zijn voor de uitzonderlijke sfeer. Het is die sfeer die ervoor zorgde dat ik tot 
10 december 2007 eigenlijk geen enkele dag met tegenzin ging werken. De 
pauzes in het “koffiekot”, die bijna legendarisch te noemen zijn, hebben daar 
zeker ook iets mee te maken.  
Karoline en Sara, bedankt voor jullie gezelschap de afgelopen jaren. Het 
was tof om met jullie, naast het werk, over van alles en nog wat te kunnen 
babbelen. Merci om me af en toe eens luidop te laten vloeken als ik daar 
even nood aan had. Ik hoop dat het niet al te veel stoorde… 
Georges, ook al is dit waarschijnlijk één van de eerste doctoraten van de 
onderzoeksgroep sinds lange tijd waar je geen promotor van bent, toch wil ik 
je bedanken voor de verschillende raadgevingen die je me gaf. Ik probeer er 
een aantal zaken van mee te nemen naar de toekomst. Ook bedankt voor 
de adviezen rond de bemesting, waarvoor ik trouwens ook Joost wil 
bedanken. 
Steven, merci voor het omzetten van alle figuren in dit doctoraat naar het 
juiste bestandsformaat. 
Ook al ben je nu een paar maanden weg, toch wil ik ook jou, Jeroen, 
uitdrukkelijk vermelden. Bedankt voor de vele opkikkerende babbels over 
“een beetje motivatie” en “andere, gerelateerde onderwerpen” tijdens de 
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laatste maanden van jouw onderzoeksperiode, waarna we allebei weer “in 
stilte” voortdeden. Ook wil ik je bedanken om op het werk zoveel over fietsen 
en koersen te spreken; zo kon ik Annemie eindelijk overtuigen om een 
koersfiets te (mogen) kopen… 
 
Dank ook aan de mensen van het labo van de Dierlijke Productie om me de 
eerste stappen in de vetzuurextractie bij te brengen en voor het vriesdrogen 
van de vele bodemstalen. 
 
I’m very grateful to Howard Ferris and Gary Dobson for the interesting and 
valuable cooperiation on the nematode and PLFA paper respectively. It was 
an honour to collaborate with two experienced scientists on topics on which 
only few information was available in our department. Without your help, 
none of these papers would have been what they are today. 
I also want to thank Louise Jackson who hosted me for one month in her 
department. It was a great scientific, social and cultural experience in a 
difficult period. 
 
Tot slot wil ik ook mijn familie en schoonfamilie bedanken. Het begrip en de 
steun waarop ik van ieder van jullie kon rekenen tijdens de voorbije weken 
deden ontzettend goed. Merken dat je niet alleen “vecht tegen onrecht” 
maakte me zoveel streker.  
Moe en Va, jullie zijn het die door het mogelijk maken van mijn studies aan 
de basis liggen van dit doctoraat. Merci voor jullie interesse in datgene waar 
ik mee bezig was. Ik hoop dat ik jullie de afgelopen jaren toch iets heb 
kunnen bijbrengen rond (over)bemesting van moestuinen en de gevolgen 
daarvan. Bedankt ook voor de babbels, de telefoons, de mails vol 
begrijpende woorden en goeie raad. Ze waren meer dan welkom om de 
voorbije periode door te komen. 
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En last but not least, mijn meisje, mijn Annemie. Velen hebben ons gezegd 
dat ze het absoluut niet zouden zien zitten om met hun partner op dezelfde 
plaats te werken. Ik heb er nooit problemen mee gehad, wel integendeel. 
Ook voor dit en jouw onderzoek was het een voordeel om bepaalde 
problemen samen te bespreken en een oplossing te zoeken. Je was er 
telkens toen ik je nodig had, ook in de mindere periodes. De afgelopen 
maanden zijn voor jou minstens even erg geweest als voor mij; misschien 
zelfs nog erger, omdat je zelf niks kon doen. Toch liet je aan de buitenwereld 
nauwelijks iets uitschijnen. Je bleef me moed geven, steunen, verder op me 
inpraten, zelfs toen ik die maand in Amerika zat, terwijl je het zelf bijzonder 
moeilijk had. Bedankt meisje, ik zou het zelf niet beter kunnen doen! En 
vergeet niet wat zovelen ons al verzekerden: ooit komt onze dag! 
 
Ben 
Gent, mei 2008 
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waste (VFG) compost in addition to cattle slurry in a silage maize 
monoculture: effects on soil physical properties. Compost Science and 
Utilization, 16, 43-51. 
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Leroy, B.L.M., Herath, H.M.S.K., Sleutel, S., De Neve S., Reheul, D., 
Moens, M., 2008. The quality of exogenous organic matter: short term 
effects on soil physical properties and the soil physical fractionation. Soil Use 
and Management (in press). 
 
Leroy, B.L.M., De Sutter, N., Ferris, H., Moens, M., De Neve, S., Reheul, D., 
2008. Nematode population dynamics as influenced by the quality of 
exogenous organic matter. Nematology (in press). 
 
D’Haene, K., Vermang, J., Cornelis W.M., Leroy, B.L.M., Schiettecatte, W., 
De Neve, S., Gabriels, D., Hofman, G., 2008. The effect of reduced tillage on 
soil physical properties of silt loam soils. Soil & Tillage Research (in press). 
 
Leroy, B.L.M., Fievez, V., Dobson, G., Reheul, D., De Neve, S., Moens, M., 
2008. Short-term influence of organic amendments and fertilizers on the 
phospholipid fatty acid (PLFA) composition of the soil microbiota. Applied 
Soil Ecology (submitted). 
 
Leroy, B.L.M., Schmidt, O., Van den Bossche, A., Reheul, D., De Neve, S., 
Moens, M., 2008. Earthworm population dynamics as influenced by the 
quality of exogenous organic matter. Pedobiologia (submitted). 
 
Vandenbruwane, J., Leroy, B.L.M., Van den Bossche, A., De Neve, S., 
Hofman, G., 2008. Factors affecting dissolved organic matter (DOM) release 
from forest floor material receiving chronic atmospheric nitrogen deposition 
in Flanders. European Journal of Soil Science (submitted). 
 
Sleutel, S., Moeskops, B., De Neve, S., Leroy, B.L.M., Van den Bossche, 
A., Vandenbruwane, J., Salomez, J., Hofman, G., 2008. Modeling soil 
moisture effects on the evolution of mineral nitrogen concentrations in loamy 
wetland soils. Wetlands (submitted). 
Curriculum vitae 
 244 
A4 
Leroy, B.L.M., De Neve, S., Reheul, D., Moens, M., 2006. The quality of 
exogenous organic matter: influence on earthworm abundance. 
Communications in Agricultural and Applied Biological Sciences, 71, 55-58. 
 
C1 (Articles and abstracts in proceedings of scientific congresses) 
Leroy, B.L.M., De Neve, S., Reheul, D., Moens, M., 2006. Soil food web, C 
and N transformations and soil structure: interactions and feedback 
mechanisms as a function of the quality of exogenous organic matter. 
Proceedings of the 28th International Symposium of the European Society of 
Nematologists, Blagoevgrad, Bulgaria, abstract, p135-136. 
 
Leroy, B.L.M., De Neve, S., Reheul, D., Moens, M., 2006. The quality of 
exogenous organic matter: influence on earthworm abundance. Proceedings 
of the 8th International Symposium on Earthworm Ecology, Krakow, Poland, 
abstract, p183. 
 
Leroy, B.L.M., De Sutter, N., De Neve, S., Reheul, D., Moens, M., 2007. 
Nematode population dynamics as influenced by the quality of exogenous 
organic matter. Proceedings of the 1st International Symposium on 
Nematodes as Environmental Bioindicators, Edinburgh, UK, abstract, p15. 
 
Van den Bossche, A., Leroy, B.L.M., De Neve, S., Hofman, G., 2007. 
Effects of reduced tillage on the stratification of biological activity in soils. 
Proceedings of the International Symposium on Organic Matter Dynamics in 
Agro-Ecosystems, Poitiers, France, abstract, p255-256. 
 
Leroy, B.L.M., De Neve, S., Reheul, D., Moens, M., 2007. The quality of 
exogenous organic matter: short term influence on soil chemical, physical 
and biological properties. Proceedings of the 16th International Symposium 
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of the International Scientific Centre of Fertilizers (CIEC), Gent, Belgium, p. 
303-308.  
 
Van Beneden, S., De Carvalho Franca, S., Leroy, B.L.M., De Backer, G., 
Höfte, M., 2008. Applying lignin to soil reduces the viability of Rhizoctonia 
solani sclerotia. Proceedings of the 60th International Symposium on Crop 
Protection, Gent, Belgium. 
 
Presentations 
Workshop organized in the frame of the bilateral scientific and technological 
cooperation between Flanders and Hungary. 8 - 9 December 2005, Faculty 
of Bioscience Engineering, Ghent University, Gent, Belgium. Oral 
presentation. 
 
28th Symposium of the European Society of Nematologists, 5 - 9 June 2006, 
Bulgarian Academy of Sciences, Blagoevgrad, Bulgaria. Soil food web, C 
and N transformations and soil structure: interactions and feedback 
mechanisms as a function of the quality of exogenous organic matter. Poster 
presentation. 
 
8th International Symposium on Earthworm Ecology, 4 - 9 September 2006, 
Jagiellonian University, Krakau, Polen. The quality of exogenous organic 
matter: influence on earthworm abundance. Poster presentation.  
 
12th PhD Symposium on Applied Biological Sciences, 21 September 2006, 
Faculty of Bioscience Engineering, Ghent University, Gent, Belgium. The 
quality of exogenous organic matter: influence on earthworm abundance. 
Oral presentation. 
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1st International Symposium on Nematodes as Environmental Bioindicators, 
12 - 13 June 2007, Heriot Watt University, Edinburgh, UK. Nematode 
population dynamics as influenced by the quality of exogenous organic 
matter. Oral presentation. 
 
International Symposium on Organic Matter Dynamics in Agro-Ecosystems, 
16 - 19 July 2007, Poitiers, France. Effects of reduced tillage on the 
stratification of biological activity in soils. Poster presentation. 
 
60th International Symposium on Crop Protection, 20 May 2008, Faculty of 
Bioscience Engineering, Ghent University, Gent, Belgium. Applying lignin to 
soil reduces the viability of Rhizoctonia solani sclerotia. Oral presentation. 
 
Service to the Faculty of Bioscience Engineering 
Representative of the Academic Assistant and Research Staff in the 
Promotion Tenured Academic Staff Committee, 2006. 
 
Representative of the Academic Assistant and Research Staff in the Faculty 
Council during the academic years 2006-2007 and 2007-2008. 
